DOCOHBNT 6ESDHE 



ED 127 18a 

ADTHOE 
TITLE 

INSTITDTION 

SP6NS JGENCY 
POB DATE 
NOTE 

AVAILABLE FROM 



2DSS PRICE 
DESCRIPTORS 



IDENTIFIERS 



SB 021 221 

* « 

Vogt, Elaine E.^^Ed* 

Numbers and Measuring) Learning With TOR: MINNEBASI 

Coordinated Mathematics - Science Series, Onit 16 • 

Minnesota Dniv,, Minneapolis, Minnesota School 

Mathematics and Science Center. 

National Science iounda'tion Washington, D.C, 

71 ' . * . 

159p,; For related documents, see 'SE021201-234; 

Photographs iiiay not reproduce well 

MINNEMAST, Minnemath Center^ 720 Washington Ave,^ 

S.E., Minneapolis, MN 55414 

MF-$0,83 HC-$8,69 Plus Postage, 

♦Curricijlum Guidas; Elementary Education; ^Elementary 
School Mathematics; *Elementary School Science; 
Experimental Curriculum; Interdisciplinary Approach; 
Learning Activities; Mathematics Education; 
^Measurement; Number Concepts; *Number S-ystems; 
Primary Grades; Process Education; Science Education; 
Units of Study .^(Subject Fields) 
*MINNEMASI; tMinnesoxa Hathema.tics and Science 
Teaching Pl^bject 



ABSTRACT ^' 

^his volume is the sixteenth in a series of 29 
coordinated' HINNEMAST units in mathematics and science for - ■ 

kindergarten and the primary grades. Intended for use by second-grade 
teachers, this unit guide provides a summary and overview of the 
unit^^, a list of materials needed, and descriptions of five groups of- 
lessohs. The purposes and proca'dures ^for each activity are discussed. 
Examples of questions and discussion topics are given, and in several 
cases ditto masters, storieS for reading aloud, and other 
instructional materials are included in the book. This unit begins 
with a review cf ordering -concepts and then introduces linear 
measurement to the nearest half inch^ measuring and adding fractional 
units^ and measuring diameters and circumferences. Fourteen lessons 
are devoted to systems of numeration a*nd place, value. The measurement 
of weighty an introduction to negative numbers^ and our monetary 
^system ^are the subjects of •other lesson sequences, (SD) 



♦ documents acquired by ,ERIC include many informal unpublished * 

♦ materials not available from other sources, EEIC makes every effort * 

♦ to obtain the best copy available. Nevertheless^ items of marginal' * 

♦ reproducibility are often encountered and this affects the quality * 

♦ of the microfiche and hardcopy reproductions EEIC makes available * 

♦ via the ERIC Document Reproduction Service (EDR.S) , EDES is hot * 

♦ responsible for the quality of the original document. Reproductions * 

♦ supplied by EDES are the best— that can be-made from the original-, * 






IIINNE$0TA 



MATII£ilATICS jlN» SCIENCE TElCNlll^f lOJECT 



MINNEMAST 



COORDINATED MATHEMATICS-SCIENCE SERIES 



I . WATCHING AND WONDERING 

§ 2. CURVES AND SHAPES 

H 

^ 3. DESCRIBING AND CLASSIFYING 

g • 4. USING OUR SENSES 

2 5. INTRODUCING MEASU REMENT 

•6. NUMERATION 

7 . INTRODUCING S YMM ETRY - 

8. OBSERVING PROPERTIES 
Q 9. NUMBERS AND COUNTING 
g 10. DESCRIBING LOCATIONS 

^ M . INTRODUCING ADDITION AND SUBTRACTION. 

12. MEASUREMENT WITH REFERENCE UNITS 

13. INTERPRETATIONS OF ADDITION AI^D SUBTRACTION. 

14. EXPLORING SYMMETRICAL PATTERNS 

15. INVESTIGATING SYSTEMS 
, 16. NUMBERS AND MEASU RING 

^ 1 7. INTRODUCING MULTIPLICATION AND DIVISION 

^ 18. SCALING AND REPRESENTATION 

Q 

2 19. COMPARING CHANGES 

^ 20. USING LARGER NUMBERS ^ 

2-1.' AMGLES AND SPACE » 

22. PARTS AND PIECES ' ' ' - 

23. CONDITIONS. AFFECTING LIFE 
g 24. CHANGE AND CALCULATIONS 

25. MULTIPIICATION AND MOTION 

O 

Q 26. WHAT ARE THINGS MADE-OF?" 

o: 

5S 27. NUMBERS AND THEIR PROPERTIES 

28. MAPPING THE GLOBE 

29. NATURAL SYSTEMS 



OTHER MINNEMAST PUBUCATIONS 

The 29 coordinated units and several other publications are available from MINNEMAST on order. 
Other publications include: 



STOnCNT MANUALS for Grades 1 . 2 and 3, and 
printed TKACHING AIDS for Kindergarten and Grade I . 

UVINC THINGS IN FIELD AND CLASSROOM 
(MINNEMAST Handbook for all grades) 

AI^Vi:NTURES IN SCIENCE AND MATH 
(Historical iitorles for teacher or student) 

QUESTIONS AND ANSWERS ABOUT MINNEMAST 
Sent free with price list on request 

OVERVIEW 

(Description of content of each publication) ^ 

MINNEMAST RECOMMENDATIONS FOR SCIENCE AND MATH IN THE INTERMEDIATE GRADES 
(Suggestions for programs to succeed the MINNEMAST Curriculum In Grades 4, 5 and 6) 



i 

M Bl ASXJXIING 

,5" f 

L !Ei ifiL IST X JSTCr 
WITH TOk 



4 



UNIT 





MINNESOTA MATHiMATICS AND SCIENCI TEACHING PROJECT 

720 Was hinq toil AvVnuo S.K. , Minneapolis'-, Minnesota 55455 



ERIC 



DIRECTOR 
ft 



JAMES H. WERNTZ, JR. 
professor of Physics - 
University of Minnesota 



ASSOCIATE DIRECTOR 
FOR SCIENCE 



ROGERS, J0N£S 

Associate Professor of Physics 

University of 'Minnesota 



ASSOCIATE DIRECTOR 
*FOR RESEARCH AI^D EVALUATION 



' WELLS HIVELY II • ' 
Ass.ociate Professor of Psychology 
University of Minnesota ^ • 



^iKcept for the rights to materials reserved by others,- the publisher ^ • 
and copyright owner hereby grants permission to"domestic persons of 
the United States and Canada for use of this work without charge in 
English language puhHcations in the United States and Canada after 
July \^73, providcci the publications incorporating materials covered 
by these copyrights contain acknowledgement of tj:iem and a s^tatement 
that the publication h\ endorsed neither by the copyright owner nor the 
National Scienrc Tmindation. For conditions of use a nd> permission to- 
use materials o.ntainf^d herein for foreign publications- or publications 
in other than tho Cnqlish language., application must.be made to: Offlc 
of the Universiity Attorney,; Univer^ity*of Minnes9ta, Minneapolis,, - 
'Minnesota S,545SJ, , * ' . I 

The MinnesAt^.^Mathematics and Science Teaching Project 
develope^d those materials under a gcant frofh the 
National Science Foundation. ^ . ' 

(c) 1968, University of Minnesota. - All rights- Reserved • . 

Thii«d Printing," 197 I .... 



f , This unit was developed by MINNEMAST on- the 

basis of experiences of the many teachers who 
taught an earlier version in their classropms,^'> 



JAMES M. KRABY ^ , - ' . " 

Chairman, Mathematics and Science; Departments 
North Hennepin Stat6 Junior College • 

HOWARD T. STACKPOLE 

Research* Fellow . . ' . • 

University ol Minnesota • v. , 



EDMUND BRAY^ . ' Assistant to Director 

. Curriculuni^Materials^ 
« ' . , r . Development 



ELAINE E. VOGT* 
NANCY SUTTON 
JANICE MANLEY 



, Editor. 
Assistant 
Assistant 



JACK KABAT . . 
SONIA D. FORSETH 



Art Director 
Associate Art Director' 



^* ' ' CONTENTS 



8 



VI 



^ MatericTls^List 

Introduction ' ' . r* 

* - . '* 

Section L Measuring and Ordering ' *^ ' " * ^ 4 ' 

Lesson -1 -A Review of Ordering . 6 

. . Lesson 2 Measuring to the Nearest Half Inch " 23. 

Lesson 3 XMea^uring *an»d Adding Fractioiial Unit^ - 2G' 

Lesson 4 . Dia -ers and. Circumferences * 32 

Section 2.v^ Numeration and Pia^e V-^iIue " 39 

^ Lesson 5 ^^i^Jumber^^v^. Numerals ^ 4 1 

lesson 6'' T Notation and Numerals to 99 * , 43^ 

Lesson^ ? The Number Line . . ,45 

. Lesson^ 8 Measuring with Two-Digit Numerals ^ ^ ' 49 

Lesson 9 Adding ywb-Digit Numerals on the Slide Rule 55 

f Lesson MO The Abacus . / - 57 

-Lesson I { Adding and Subtracting with the Abacus , ^ * 61 

Lesson 12 The Numerafs through 999 . / 64 

Lesson. r 3 Counting by Tens 69 

Wesson 14 • Tor's Number System — Base Four^ . ' 7^ 

-Lesson IS Tor's Base-Four Number Line • " 81 

Lesson-16 ^Th^ Base-Four Abacus ' • '84^ 

Lesson 17 . Egyptian Numeration * 87 

Lesson 18 Roman Numeration ^ ' 92 

. Sectjion 3, - Measuring' Weight '97 

^ Lesson' 19 A New Property ' ,99 

tesson 20 ^ Using a Seesaw ^ '0*1 Iq^^- 

Lesson 21 Building a' Beam Balance . . ^ ' ..109 ' 

Lesson 22 Standard height and Variation II5 

Lesson 23 Measuring Childrqn*s Weights- " * . .119 

' Lesson 24 ^ Constructing a Rubber-Band Scale _ . 123 

. ^ Lesson 25 Experiments with a Bearp Balance . * 129 

Section^4. Negative Numbers . * * - 1 32 

Lesson 26 ^ Direcfions on the Number Line 133 

^ Lesson 27 Negative Integers ' * 1 35 , 

% 

Section 5. Teaching Tor to Use our Money (Lesijon 28) I 3^! 




i 



tbt;ak* number 
required to 
i teach unit 



Complete Lust of Materials for Unit 16 
. CfvIumbaps'l^ysAcl pa,<:las size of 30p 

* ^ item 



lessons in 
which iterA 
is -used 



ERIC 



30 

I ' 

5- 

30 : 

30 

I 

I 

.3-4 
10 
•I 
I 

30 

5 " 



**StucienfMap.ual3 • <. 



< 

25 
3d 
5 

i . 

2000 

I 

30- 
•30 
■10 • 
30- 
S 



** drawing* of ?or ' / . 

flat, redtangular -objects 2 of.the.^sa-me length 

* MINNEMAST ruieFs^<<^. ^ . 

scissors ' .^^-^v, 

number line, 0->"lOO (from add itidit, slide rule) 

roil of masking tape . * ' ^ 

circles, squares dr strips 5f paper fl_a.nnel 

*** sets of Minnebars. "x^ 

***thin, square property block 

. tape measure or *yardsLtick 

***; addition slide rules 

pieces of chalk: white, red, blue, yellow, orange 

♦ ■ * 
sets of 5 cylinders: I six-oz. orange ju ice. can; 



! ,14 - 
I 

J 7*2, 3" ■ 

V ' 

■ ! 

2,^3, 7,^. 
2,4 

3, i4,2b 
3 

3,8 • 
3,7,y,28 

3, a 

3,4, 



*l Dry cell; «l tube from MINNEMAST viscosity 
'kit; riarge, thick circular property block; I'smajll, 
thick circular property block 

large cylitider, with length of ^yarn longer than>ls 
circumference 



■* 10": length's of yam 

* rulers 

pens or crayons to mark^yarn 
United States flag • ^ 

* counters - ' - , . 
flannel board * - • 

Skoces of crayons 
red pens or pencils 
large books 
*desk"number- lines, 0-25 
■ * abaci , " ■ 9 



■4 » 

4,8, I 3,20.' 

5 

6,12,13, 14 ' 
./6, 14 
6,8 
7-, 24*' 
8 
•8 

i 0 , 1 I , 1'3 , 1 6 



«< 



* ' r ■ '-^"^ , • v- linit r e (coRt;) ." 

\ each ~ Ltansp^v^^cieslpt Worksheets 26 / 29 ,"35 foDtion^nW."*.^ i . 

.- * ."^solffle'cupj^'fsmall.Wper^ipifpsh- , / , 12 . .. 



20 V '^raVs--6fboxe.g- large enbtigh.tt) ho-ld. 10 papef'-cups 12 
5-10 pictures of Egypt and Rome .(optfp'ftal)' ' ' • ' |7 I8 

; ' \se^ ."Ping-*Pong ball", rubbeUa-H,»baU o't.cr^y*^? - 13 

.2-3 • .sets: brtck., *hard block; *s9jft>4Dlo.Gk, closed ' |.9" 



4 



' box of simi'Jvir si^'e,. Qtc, 
• ' ^ " * ' " '^j^ ' ' - • - . \ 

\ 2-73- ^ sets:* irregular stone, papier^mVche limip, , " 19 

*s tyro foam . • • ^ • ^ • 

2-3 sets: S^cups cor;taining mate.rials of 3 different/ 19 

: densities *. . ^ n _ , , ' 

''^0, ' sQts: *paper-chp,/crayo'n; reader, scissors . ^ L9 

HO . paper cups , • ~- ' " 2o"il , 22, 24' " ^ 

I seesaw (o? 6' x 8" x plar\k' balanced on a brick) 20 / • 

f * y beam balances maxli from *j?alance kit-ahd >21 ,22,24 /as^T 

/ . *Tinkor toy special set (see 'list on-p.. I 10) / 

10 * rubber balls ^ v ^ . 22 • • *' 

*::-*3 oach scissors; ^-^^Ping-Bong ^bolls ;~ • 22'. 

i 5 each * r*- paper clips , *corks ^ 22, 24 - ^ 

•!0-- \ *2"^paper clips ; ' • . 22;24v . 

! oach I" piece of chalk, 1** ruljbejr eraser . *. ^ 22 " 

- I " scaio.to weigh children ' ' • - 2^^' * ' 

1^^ 2'* X 14" strips of oak tag - ' ' ^ 24 " 

^ . .FUbber or elas>tic strings ^ ; r ^24 ' * 

lU^ach^^ 8^T.inker toy rod, 3-1 A" TihW toy rocU-^. ^» 24 ^ ' ^ 

^ cylindrical ^connector-v * ' \ - ^ ^ • 

^ birthday candle, matches . '^^^ > 25 . * . 

M^-"I2 objects, e.g. ,. ice cubes, cotton, wqter, apple, 25 

sand, e'ggs, spring or clastic, clay, milk, poncil, • 
^ -.^ cholk or crayon, bar of soap 

' 30 number lines, --ISto + lS • ' ' 27 ' 

> ' coins . 

*kit Items as well as ' . ^'^ ^ • ^ 

**printed materials ayailcible. from \ 

Minikntath Center, 7^0 Washington Ave J S /Mpls; , Minn. 554S5 



ERLC 



***available from The Jud^ CompanyiT . - * • . ^ ^ ; 

O , * ' 3 10 North'Second Street, Minneapolis, Minnesota 55401 ^ 



. INTRODUCTION 
This unf^is designfed:- 



- TolmfJroVe the chi>ld's ability to make quarjtitativp measure^ 
ments by giving'hi^m practice in n\eas-unng the properties of 
length and weighty ' A . ' 

-I To introduce th^idea that measur<§merft;s vl^y because of 
human error and imprecise measuring device's, ' 

r To enlarge the childjs .comprehension of the real -number 
system vby extending his^^knowledge of numbers to 999, to • 
, fractionV, and to negative integers. ^ , • * * 

- Xo explai\the'.struGture of the decima4 place-value notation* 

- To pfovi{3^r;5x]^arience in caicitlating "with denominate ^uan-""' 
iities; {7:^ch*es , 6 feet ^ IQ'carits)^^ . ^ ' ^ 

"At this "point ih the MINNEMAS.T program, the child ^has hatl 
experiejice in comparing objects'ori the basis of simple' proper- 
ties ^nd has started. to study the real number system. In this 
unit we-want him to" learn to mq^sure mpre accurately, using 
quantitative scafes on rulers and jDalances. ,'We also want him « 
to learn more .about the number system by examining some of 
the ways numbers are represented. • 

Previously th^ child made rather rou^h estimates" of the proper- 
^ties of 'Objects by comparing thfem two af a time (binary, com- 
parison^. \\^hen determining the lengths of objects, he lined 
them up and ar^'aq^ed them in order by eye. . When comparing* ' \ 
weights of different"objects , he' judged their heaviness by 
hefting them in his hands. In this unit the child discovers 
that these simple binary cortiparisons do* not give verV accurate 
determinations of properties,' He finda cut that a pilety. or any 
such quantitative measuring device, gdye's mov^ preci^ mea- 
surements^. He also discpvers the advantages to hims^f and • 
.others of this 'improved description of a property. 

Length aijd weight are the two properties* used j:o illustrate 
the need for quantitative measurement. The idea Is-^that sim- 
ple binary comparlsbns^^and subjective judgment do not 



carefully describe certain kinds o^f properties. A more quanti- 
tative method 'is-needed. The whbie process of measurement 
is, an attempt to extend the precision and accuracy of the 
human senses. "Our eyes can judge length, but with^'a ruler 
we can measure it more precisely', . , 

Measurement; then, is a tool we use for making. more accurate 
and objective observations of the wbrld. The better we can 
describe and analyze a thing, the better chance we have of 
.understanding it, and measurement enables us to be quantita- 
tive-in our descriptions ' Thus measurenf^ent Is a fundamental 
part of the scientific process', and th(3 em^asis in this unit is 
on measurement rather than on lengtR or weight per se. 

•\ J. : _ - - ^ - - , 

In performing measurements, we always find a t^rtain arr.o'unt 
of v^ariation in the results. Different people mayNqet different 
answers, andno- instrumenM-s-perfestly-accurate, 'Therefore, • 
In this unit take up the subject of error and yaridXion in 
measurement so that the child will have early eicperiences' , 
with the-practical prpblems* of making measurements. 

In enlarging thejshild*s,view of t he'real n umber system, nurp- 
"bersvup to^ 999 are introduced. Fractions and negative .numbers 
are corisidered in a very rudimentary way, as are other mathe- 
matical ideas (the ^valuaof coins, the Egyptian method of rep- 
resenting numbers.,, etc J , "Many of these extensions, of ;:he 
child's vi^ew of mathematics have important practical applica- 
tions and wiirbe emphasized in other units; But the^emphasis' 
here is on. enlarging the meaning of the number concept. '^There; 
is no wish tq minimize, for example, the significance^ of "frac- 
tions so essential in* many kinds of calculations and^mea- 
^surements-, "gut moYeimportant at this time*thah the ^child's 
'abiiity to manipulate ftactions is his realization that negative 
^numbers, fractions,. 'and numbers up^to 99.9 (as well asjhe 
digits from 0 to '99 vvithy/hich he is already familiar) are all 
part of the* same sht of real numbers, . - - 

Similarly, the base-four system 6f numeration is introduced 
only to clarify the decimal place-value system of notation we 
.use for representing numbers* No emphasis at all should be ^ 
pla.c^d on ^memorizing the base-four system. Also, all consid- 
erations of the subject, ^'number vs. pumeiral," are included 
"only to'h61p the children distinguish a number from the" various 



, ways it can fce represented. Some ways are useful for calcula 
tions, others for representing fractions"; and still .others for' 
studying the properties of the numbers. It is precisely this 
flexibility of representation.which need-s emphasis. Once a 
child_ understand s^the concept and structure of numbers as dis- 
tinct from_;th*e.way they are represented, he can choose which- 
ever symbols or systems of numeration best suit his purpose. 

NOTES ON TEACPIING THE. UNIT / ' ~' \ 

This coordinated Unit should be taught during two cl^ss peri- 
ods each day, and be completed in foiir or five weeks, Hov/- 
ever, you may wish to^begin thi<i unit before campleting 
Unit 15, InvestioatinQ Systems . In that* case it is suggested 
that you start^.t^aehing this unit in parallel witli 'Unit 15, at 
any point you find convenient'. 

The first part of a continuing story, "Tor," a|)pears\t the be-\ 
ginning of Lesson" I , Tor is a very inquisitive little man from 
outer space. Teachers who have tried out this unit found the ^ 
story highly motivating to the childrea. Children not only 
enjoyed- pretdhdi'ng they were answering Tor's questions, but 
sjeemedjo find it easier to explain things to him than to an- 
swer direct questions; ' You may use'^tfiel^r 'device as. much 
as you see' fit. For your convenience, a black ahd white fig- 
ure of Tor is provided ia the/priqted materials. This can be 
colored and mounted on cardboard^by you or the children; 
or you may choose to draw your, own figure of Tor or use one ' 
^ the children draw. In any case, jnake sure th.e figure has 

two-digit hands (only dfie thumb and one finger^on each hancj) , 
as this is useful iri introducing the lesson on base four. 

^ Questions may arise about what "weight" is. To avoid long 
departures from the main subject of measurement, ypu can ex- ' 
plain to the children quite simply — that vyeight Is the 
property of heaviness th^at all objects possess. We know that 
we are somewhat sensitive to this property because we can ^ 
f^el the weight of objects by holding .them In our hands , 
Should sbme children be persiistently curious about weight, 
they should not be discouraged, but should be told that the 
weightof an object Vs the pulf on that obfiict by the earth 



SECTION 



MEASURING AND ORDERING 



PURPOSE 



To review the proper use of ihe greater than (>) , less 
than (<), equal to H, and appears to be. the same as (=) 
symbols. . ' ' 

To help children see the advantage oi using differentNunits 
of mBasurement, 



- "To give practice in^the usq of measuring tools. 



-To introduce the'^use of fractional units in measurement and 
to give practice. in the addition of half units . 

: . ■ . COiMMENTARY* * \ ' ^ 

This section reviews and extends earlier measuring experl- 
' ences and emphasizes determining length and recording, it. 
, ' The records then are used as a basis for review and' practice 

in afithtnetic. . '. " " 

The section consists of_fo^lessons,_each requiring, about 
two class periods. " A story i~s read to tTie .chTTdren to intro- 
" * • duce the activities of Lesson I. The activiti^'s include a re- 
view df the symbols" listed above, ordering by length , and 
'counting by ones. Measurements in this lesson are made 
' with the centimeter scale. 

. ' ^ < In Lesson 2 the symbols are used to- record, comparison of 

numbers. The children use rulers with an inch scale to 

measure objects to the nearest inch or half inch. This in- 
, formation is plotted on a number line.* ■ 

An experiment in Lesson 3 involves using ordinal numbers 
... _ (first, ^second, third,' etc.), measuring distances, and record 
' ing data. The number line is us^ed for the addition of half 
units' of measurement. ' " - . 

^ ■ Lesson 4 introduces two hew measurements that can be m^de 

on circular objects. '.The children have opportunities to inves 

c tigate the relationship between circum%rence and diameter. 
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Measurements "are plotted on the number line and. more experi- 
ence with whole and half units is given/ 




The hby in the photograph is using numeraj and symbol cards. . 
to show that 7 is greater than 3 and 3 'is greater than 2. ^ If 
you wish'to u^e'cards in this way^ „they are 0.asy ro make; or 
you can borrow them from the first-grade supplies. 
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Lesson I: A REVIEW OF ORDERING . _ - - , 

A story introduces .the activities. of this -lessony which includes 
a review of the use'of symbols, ordering, by jeqigth^ ancl count- ' 
ing. As in Unit 12, Measurement, with Reference Units 7 length 
is defined .as the measure of the longest dinnefisian of an object. 

Activity A reviews direct comparing of lengths and recording of 
• the comparisons/ You may want to remind the children that 
some objects can be compared for length, not only by lining up 
one end of each, but also by..stacking objects; appropriately — 
the longest at the bottom. Try to guide the discussipn.-sb .that 
. ^ " t'he use of the symbols {>,^ <, =) occurs naturally When .th^ 
' - children are comparing,. the lengths of the various object^, 

For Activities B and C', Worksheets 1^4 give individual prac- 
tice in ordering the lengths Qf objects in two ways: by direct 
- ^ comparing and by measuring. Remind the children of the spe- 
cial ways the equality an9 approximation symbol's are.u.sed. 

The equality symbol (=) should be used to state the number of 
objects in a'set 6f discrete objects, because the number is 
•known to be "precisely 3 and not'2..or 4. Ercample: 



" 'This says, "The number-of- objects in Set A is exactly 3." 

The apprcjximation symbol (=) should be used to^state a measure- 
ment, because measurements are not precise., A measurement "of 
3-i-nches -may-be 2 . 999-0r-3-. OOJ-.^.ExanipiejL 

♦ * * 

~"Tr7"^3~tnches — 7 — — 

- ^A - 

This, says, "The length .of object A appears to^b^e about 3 inches. 

, Activity .D gives the children a review of the counting numbers 
from 0 to 99 (Worksheet 5)., 



MATERIALS 



- story, "Tor/' provided below 

drawing of Tor, provided""ih.tfie prihted materials 

- 5 flat rectangular objects (boxes, rulers, books, etc,)-- 
^.2 of which-are apparently of the same -length 

Jii^INTsiEMAST rulers,- I prer child- ' * - 

- Worksheets I -5,in Studeat Manuals 

- scissors. for each^ child ' ' 



PR0CEDU^:E 



"0 

Read the, story, "Tor," to the children; Latter, perhaps during 
art^or free time, they can hejlp you color artd mount on card- 
^ board the figure of Tor provicied ia the printed materials. The ^ 
figure (or.another drawn by ypu or a c^ild) can be placed on 
the chaik-tray during the activities. . \ ^ ' 



n-. - - TOR 

The children in the second grade were sitting at their 
. 'desks, quietly readying. s^Miss Johnson., their teacher suddenly 
i realized tha^i the room was-^much too-.w^rm* Speaking "softly to 
one -of her students, she said, *'Tommy, it's such a beautiful ' 
day, almost.like summer. Woy^d you open the windows,, please 



* 'As Tommy was doing this, he TdoR¥d^T3p^"alTid" s'aMr a streak 
of bright vvhite light high in"^tlie sky. Then the light came: 
nearer, If^looked more red than white. The streak. ^eemed to 
poipt toward the school yard just below the windows, 

!!J!^sa^Iabn,sjD.n,/^ cal led -out;- "sometliing's coming 



down out of. the sky, I think it's going to land on our play- 
ground! ' ^ 



Everyone rushed pell-mell to the windows. ^ AU'hearts 
pounded with excitement as the red streak, slowed down. 
Then it gavB off green. and purple puffs of smoke. Then It 
we'nt J;)eeple , beeple, plop, and landed .without another 
sound — rigfrt^fi-th^ of the school yard. 

. . > -"It^s a space ship! I jusCknaw rt's a'space shipt" 
tommy exclaimed. . ^ 

^ " "My goodness, Tommy/ I think you're right!*'' .Miss 
Johnson sounded just as thrilled as the children. 

"K- looks just like a'great big rubber ball!'* Susan , ^ 
shouted " ^ / . . 1 ■ " 

"And ir has red and white stri'pes like peppermint -canfiy 1 " 
Ivlary said. " ^ - ^ . - - - ' ^' * ' 

• To^mmy pointed ^to "the space ship. "Oh, oh, a door is 
opening!-*' ^ - 

And sare enough, one of the red stripes slid open, a - 
.adder popped out, and a little tnan In a space suit climbed . 
.dpwn the kdder to the ground. He looked up and wavedio^the 
children and Miss Johnson. Everyone waved back.. 

Then the little man raised -his ^vispr-and caUed.AUt.A "Is 
this the Earth?" and thQ children all shouted back, "Yes, yes,- 
iiis!" ' . . ' 



——-"'-I-s"-this a- school?." ' • . - " 

"Yes, yes !" . ^ . * . ;; 
^ "Good ! I was hoping it was,* but Fcouldn^t be sure. 
May I come up-for a visit? 



' ' The children surrounded Miss Johnson, begging- her to 
say yes. "He's very friendly he even waved to us,^'*they ^ , 
"^eminded;her. ' ' ' . , , 

Miss Johnson smiled. Then,, leaning from the window a . 
.littley she called out^^" We'll come doWn^ and -show you the 
way to bur.rootn." ' ' . ' ' " . . - 

"Shank you very much, but that won't be necessary," 
the space man said. And before anyone "had' a chance to de- 
cide what to do next, he rea^lied in a^pock^ of his space suit 

. and-took out-a can. - ' > ' . * 

■ ' ' «- ^ *> • 

•'That looks like some kind of a spray .can/*"3oe said; 

'** 

And that is'just what if turned out to be J The children 
and their teacher star'ed- in. amazement aB~i:he space-man pointed 
Jlie can at^the ground ..^nd "began to s^pray. As He sprayed dbwa^ 



he rose up, up, up, in' the air. " When^^hez^wa^Just^ the. v 

window ^ills, he sprayed away from the school and flew back- 
wards thyough^n open window right into the classroom. Then 
~he stopped spraying-and floated gently .to the- floor.' ' y 

Mow the children clustered around th^ s]6cice man. They • 
admired his shiny blue suit- and his bright red boots.. When he 
took off helmet, th,ey were delighted to see a round, 
, friendly face with rosy checks, and hair" brushed to a ne^at . 
point on top of his .head. They Tio'Jiced 'his hands — he had 
h^nds that looked something like mittensi, with just a thumb 
and one fiager^p'n. each. And Tommy noticed, tfTaS: the space 

Kin was much shorter than anyone in t%,c6om, but, of course,,' 
he di^'t'say anything about that.- 
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. , "Good morning, Earth people," the space man said. "I • 
am-Tor, Jroni Titan. Titan is the largest moon of the planet 
,Saturn. I can hardly believe that I-h-av.e really found the Earth. 
Are you sure this ts the Earth and that this is truly an Earth 
school?" ' " . 

''Ye^rT6r7^4h.e.iea^ answered. "This is a class in . 
the seconc^ grade. .1 am Miss John soruand these are my stu- 
dents. . • • ^ . . ^^^"^^--^^ 

"That's wonderfulP* Tor said. "I could not haye selec- 
ted a better place toMand. On Titan, many of us have been 
listening to your radio programs and so we have learned to * 
speak your language. Now I have been sent to learn how to 
read all your written symbols, especially those you use Jn 
mathematic's and science. Can I learn such thi.ngs here?" 

"Yes, we study all kinds of thiTigs like that, " Miss John- 
•son said. '*Today \A^e 'are going to review some symbols we use 
wlierf Vy-v; c^ompare. the. lengths of .objects." ^ . • 

/.^»*Well, eould I stayan this class and learn along with' 
your students? " Tor asked. 

Miss Johnson said, "Well, what do you think, children? 
Shall ^Ve let Tor stay and learn along wit]i us? Will you be 
willing- to explain things to him and'try to^ find answers to his 
.questions?"' . " 

* 

Together the children all ^houted, "Oh., yes., ye.s!" and 
"Tor, please stay!" 



'Tor practically jumped up and- down for joy.. *'Oh, how 
lucky i -am ! " he exclaimed. "People on Tilan said you might* . 
not like me — that you might not be friendly at qIK I was so * 
afraid.'"*' . ' • **' > . . « * . « 

^ ■ \ ■ 

\ Thenk to shdw how friendly they were, the children all 
surrounded Tor again and started asking questions. The^qpes- 
• tionsccame out in such a rush that Tor could haj^dly keep track . 
o.f tTiem .. .. . * 

■ - •■■ ■ . * . • ■)■ . ■ . ' • • 

Tommy asked, "Kow long .did it take you to. get here, . 
Tor? " -and Joe wanted to know how many, miles Tor had traveled.* 
Sally asked, "Where are you going to. stay? " and Mary wanted, 
to know what he liked'^tr^at , / ^ • , ^ 

Miss Johnson rapped a pencil on the desk* ior order. 
When it was qiiiet in the room. Tor turned to Tommy. ";lt took * 
a very long time for me to get h^re and I can tell you how much 
that is in rny time — it's^segurs^ ziggeiraties but«I really, 
don't Rnow-jhow to figure anything in your tinjfe; so that answer 
Vill'have to wait un^il I learn." ^ Turning ther^'to Joe, Tor said, 
"When I learn your units of mea.suremdnt, 141 able to 'tell 
you haw far I travfel^d, 6ut I certainly can't do that now. " To , 
Sally and Mary, he said, "You don't-have to worry about where 
I will stay or what ! will eat, because I will live in my space 
§hip, where I have 'everything that I need. After school you 

are all invited to come ahd Inspect my ship, but rigltt now I 

" ✓ • ... " » " ■ ' u 

am" very eager to start learning, Jt)9cause there." s so very much 

. I don't know. " . *■ " 

Miss Johnson offere^l Tpr her chair. Tor looked it over. 



."It's much too tall for me, Miss Johnson," ke said, - "It would 
,not-be-com-lGr.table. " .■ • .-zzz;: ?S 7 



Miss Johnson sent Tommy, to the kindergaTten to fetch- a . . 
smaller cjiair, but when Tor saw it, -he said,,. "This chaif is less 
tall tha'n your chair. Miss Johnson, but.ifs still too tall for me/' 

"My, " Sally said, "you are' fussier than Goldilocks in the 
story" of the three bears,." but Tor washn listening. He sprayed 
• himself out^o-his ship and back again, and when he came back 
hs was carrying a little chair that he said was ."just right. " J^- ■ 
He. put it -beside Tommy's seat, announcefi, "I'm ready now/' 

■ *,->' ■ . ■ . ■• ' 

and sat down. .' 1^ 

.When Miss Johnson saw chat Tor was comfortable, s\ie 
' put some objects on her desk and 'said, >"Let's begin by show- 
ing our visitor how we make comparisons," ap.d the lesson be^an 



Activity k . ' ' . ^ '■> 

Place five flat rectangular objects where the children can see 
■ ' them (Remember that two of the objects should be of the same 
* apparent length,)" Xsk.one chiLd.to pick up any two objects 
■s (e g " , a book -and a "mler). and hold them up f6r.'the class to 
se-e\ The following questions assume .that Tor is leaining^ along 
. .with the children. . Whether' you.use this pretense or nV^t, -guide 
the discussion' to'-thfe property of length.- ' ; 

CAN- YOU TELL TOR WHICH OF THE TWa,0BJErGT^ 
HAS .THE GREATER "LENGTH? (The ruler.) 

SHOWTOR HOW WECHEgKTHE COMPARlSpJ^. ,^ 
■ ': ' (We place one object beside the other.)-"' <• " „■ 

^ • • • .' « a " * 

." "".^ HOWCOULD WE RECORD THIS..CdMPARISON? 

(We could write, "The- length of the niler is . . - ^ 
• ;■ greater than thei length of the book. ") ^ ; . " 



.,CAN ANYONE^SHOW TOR A SHORTER WAY TO RECORD 
THE COMPARISON? • ^ '~ [ 

* - ^' *^ ^ 

Write L > L on the chalkboard. 

R B . • ' 

GAN YOU TELL TOR WHAt'tHE L 'STANDS FOR? (Length.) 

./ . • ■ . 

WHAT THE R STANDS FOR? (Ruler.) 

- ■ ! 

. WHAT THE B STANDS FORV (Book.) 

- • HOW E)0 WE READ THE SYMBOL?' .(is greater than, J ' 1 

NOW' PLEASE READ THE WHOLE COMPARISON SENTENCE 
FOR TiDR, (The length of the ruler is greater than the 
length of the bookj 

' - t< 

Have another child compare and then record the relative length 
of tvvo other objects. Repeat this several times until the great 
er thanX>)/ the less tha<i (<) and the approximation (=) symbol 
have .all been used and drscussed. 

The children may enjoy lecording a comparison of the lengths 
of the three chairs in the Toi^'atory; 

■ ' S =■ 4 ^ 4 '. ■ . ■ 

(The length of Miss Johnson's chair is greater than the length ^ 
of the kindergarten chair, which is greater thaq the length of 
Tor's chair.} 

They could also reverse this ordering, using the < symbol: 

(The length of Tor's chair is Jess than the length of the kinder- 
garten chair, which-is less than the length of Miss Johnson's 
chair.) 

If there are children in your class who have not had MINNE-- 
MAST in first grade, they- probably will need additional prac-- 
tice in using the .symbols before going on to the next activity. 
Numeral and symbol cards may prQve useful here (see phQto-* 
graph on page 5). 



Activity B 



Distribute the student manuals and have each child carefully 
cut out the six objects on Worksheet I , ^ , 



Worksheet T 
Unit 16 
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Workshet't 2 



Compare the iengthn of your paper strips, two at a 
time. In the blanks, write <, > or =. 



Ardor .iU'your papor strips by Icngth or^ your dosk, 
nil m the namooi e<ich strip and <, > or «. 

H.^TTl A c g § 0 

(or D (or e) 
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fell tKe children they are to' 
compare two ofv these paper 
strips at a timeior the. prop-." 
erty of length, then fill in 
the proper symbols on Work ^ 
sheet* 2, Have one child 
make the first binary com- 
parison of strips A. and B/ > 
and re6ord it. on the board 
for the class and Tor, Then 
let the children work indi- 
vidually on the five other ^ 
binary corripa.risohs • 

When they have completed the 
six statements, ask them. to 
arrange their six paper strips 
'^in order on their desks, -~ - 
the shortest at the left. Then 
explain that indie general ' 
ordering on the last line of 
Worksheet 2, they are to, fill 
in firjst the letter; symbols o*r 
.names of their strips (A for . 
strip A; etc J and ^^en the 
correct relation symbols. 

Have the children save their 
paper strips for use in Activ- 
ity C and for Lesson 2. 



Activity C 



In this activity the children use their'paper strips, a ruler 
with a centimeter scale, and two worksheets. Begin with a 
review of the proper uses of the equality (=) and approxima- 
tion (=) s^i^mbols (for Tor, rf you like). * , * • 

Ask six children come to the front of the room. Tell three 
to stand at the left and three at the right. Name one group' 
"Set A" and the other "Set B.-" 

HOW. MANY MEMBERS DOES SET A HAVE? (3.) 

Write.- N^ = 3 on the chalk board. - 

1-IOW MANY MEMBERS DOES SET B HAVE? . (3.) 

T 

Write Ng - 3 on the chalk board. . 

IS THE NUMBER OF MEMBERS IN SET A EQUAL TO 
THE NUMBER OF MEMBERS IN SET B? I (Yes J 

Write N^ =" N„ = 3 on the chalk board. • 

A / B 

NOW'TELL TOR WHEN WE USE THE EQUAL-SIGN. (When 
two sets^have an i9qual number of member^x when we can 
^ tount the members and see the equ^lityT) 

Add a member to Set A, then ask the same question? again. 
This time the final answer is^that we cannot use -the equal- 
sign beqause 4 is greater than 3. (4 > 

Since N = 4 and N^ = 3, then N, > N ' . 

A B ^"A B 

DO WE USE THE EQUAL-SIGN WHEN WE RECORD' 
' MEASUREMENTS OF LENGTH? (No, because mea- 
surements are not exact.) 



TELL TOR WHAT SIGN WE US^E. (We use =, the "appears 
to be the same as" symbol.) 



Worksheet 3 
Unit 16 



Name 



Measure each -strip with a centimeter ruler and 
write the lengths In the blanks. 



h5 = 



/6. 



15 



17 



16 



Order the measurements here, 
est. 



Start With tbe small- 



,9 cm <J±cm < 15 cm - i5 cm < 16 cm < i7 cm 



Now tell the children to show 
Tor how they can checl^ their - 
previous ordering of t-he six 
paper strips* Have them use' 
the centimeter .scale on their 
rulers to measure each -paper . 
strip and then, record the^^ , 
length of each strip with a 
humeral on Worksheejt 3. 
kemind the children to line . 
up. one end of each strip with 
zero (which is not'at the 
very end of a MINNEMAST. 
ruler), ^t'^ 

On the last line the children 
fill in the numerals repre- ^ 
senting the measurements — 
starting with the smallest 
numeral. One (J 5) is already 
given in this orderings • 

' ARE YOUR NUMERALS IN 
QOUNTING ORDER? 



Check to sea that the children^ place the smallest humeral on 
the left, the largest on the right. - ^\ 

* a" ' ' 

Ask the children to compare this hew ordering with the order- • 
ing on Worksheet 2. Ask dne child to copy the first ordering 
on the chalk board and another child to put the second order- 
ing directly below it. . " ' 

Have the class check to .see whether the two orderings are 
correct. Remind the children to use the listof binary com- * 

parisons (L = 14 cm, etc.) on Worksheet 3 as a reference. 

Pi 
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'On Worksheet 4 the children record on.the numb.er^ne the 
name of each strip (its letter) hi the numeral which represents 
the length' of the §frip. The length of C is already plotted for 
them. / , . ► , f 



Worksheet 4 ' • 

Unit 16 ^ ^ ''Name- 



How nany ce"htimeters lon^ is your A strip?^ 
Mark an A at that.poirit on this number line, 

,^How many centimeters long is your B strip? 
. Mark a ^ "at that point ori this number line/. 

Do the same for the rest of your strips. 



F 

£ A c B D 

I 4 I I .1 I .1 .1 — I I I. r I. I — h 



i 3 Hts'b 7 -r lo // IX- 13 h-.it If,, ir j8. jt.io.ij iiaa 



Activity D 



Thi-s is a review of the counting numbers from 0 to 99 
.children fill in the missing numerals on Worksheet 5, 



The 



Stcjfi ai 0 aa<i work this way ^across each row 

. of squares. Fill each b!cihk ^xjuare wuh the next 
counting number. 



i 


'z\ 


3f 




a' 


7 




9' 




(Z 




14 1 


15 


16 


17 








22 










^7 








SI 




35 






36 








11 


n 










/7f^ 






Si 




^3 


S'i 










(pO 




(hZ 




64 










ro 


n 




rs. 




7S 




77 






so 


81 


zz 










^7 






9C 




e>2 


93 


94 


95 


96 


^7 


98 


99 



Point- out that same of the ^ 
numerals the. children put in 
order on Worksheet -3 are* 
found on this worksheet/ 
with some others,- Read the^ 
directions with the class 
before the chifdren start „ 
writing in the numerals. 
Remind them that each num-_ 
efaMs one more or one less 
than its neighbor,^ Tell them 
'that they may refer to the : 
number line if they wish,'^ 

Save the completed work- 
sheets -for correction and 
review in Lessor 2 , 



Lesson 2; MEASURING TO THE NEAREST HALF INCH 



• This lesson gives a review of the 6r.dering of numerals and then 
introduces the measurement of length to the nearest half inch 
The children, record their measurements and plot them on number 
lines. ■ • 

Earlier units emphasized the.fact that measurements can'neyer 
be perfectly accurate by having the children express their re- 
• suits in two ways: - • 

'* 

CD They measured withijt^aa interval ox length* and- recorded . « 
the measurement as ^ 



6 in: < L < 7 in. 



(Six inches is less than the 
length of object and the 
length of object is less 
than seven inches.) 



'(2) They made a simple approximation and^^recorded it 



as- 



L-^ein. 



(The length of object 13 
appears to be about, 
6 inches J * 



In this lesson the children again use the approximation symbol 
to express measurements to the nearest half inch: . 

L = 6 in. 

L ^ Si in. 

A 

Some children may need help in deciding whether a length is 
6^ or 7 inches long.- Guide them to choose the closer reading, 
When a measurement appears to,be midway between two read- ' 
ings,. let the child choose the reading he prefers. Experience 
like this reinforces the idea that measurements are pnly approx- 
imations; ^ . . 
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[rials 




number line (0-1 00) taped" on the cha^k board 

-T 7 for each child ' . ' - ^ 

it , • « ■ 

Worksheets 5-7 " ' • 

MINNEMAST ruler 

paper strips A, C, D and E from Lesson 1 . or a set of 
four Minnebars (such as 1 pink,, 1 gray, I purple, and 
1 green) labeled A; C, D and E respectively 
1 object of\he child's choice, less than 7" in length ■ 



Activity A \ ' ' . ' • - 

Have the children review and correct Worksheet 5 for Tor, 



■ / 



Activity B 



Work ^ hoot (> 



rui m e^cifblank AUh \ ^ or Look a i the 
nun ior Une or Workshc-*jt > \i you wish. 



> \ 



^ 27 
'^t> > t^^^ 

i 

84 > _ 37 



a4 



2.1 



IS C 



Ask the children to turn to . . 
Worksheet 6; antd explain' the 
instructions to them.' Do one' 
or two examples a\a class 
exercise. . Suggest that tho - 
children may use corrected 
Worksheet 5 andjhe number • 
line on the board for refer -= 
ence. Ask the children to 
complete the -rest of Work- 
sheet 6 individually. As' soon 
as possible after completion, 
check' the answers with'the 
class. . 
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Activity- C 



c 



Have the children take out 
their MINNEMAST rulers-. 
See if they^an tell Tor 
that the, marks between * 
the numerals bn'the inch 
scale indicate half 
inches . Then- explain 
that they afe going to 
measure the length of ob- 
jects to the. ne^arest half 
incl>. 

Have the' children measure 
and record on Worksheet 7 
the lengths of -pager strips 
A, C, D and E (or Minne;- 
bars. so labeled) and an 
object of their own choice 

not long e'r than seven 
inches*' 

Next hav.e the children 
use number line I to plot 
'^the length of object A, 
• an^ ""number line 2 to plot , 
the^'l^gth of object- C. 



"Worksheet 7 ^ 
Unit 17 

Objects 



Name 



.Length in inched 



L 


Object A 




2. 


Object "C 


= fe- 


3. 


Object D 


= 6i" 


4. 


Object C 


= 3i'. 


5. 


— ^ * 
Object I chose 


= 7" (n 



Record to 
nearest 
inch or 
half inch. 



.'answers) 



2. ^ 



length of Object A 
Length of Obj'ect C 



J. 



O I Z 
Length of Object D 



0 1^ z 
Length of Object E 



-J l: 



4. 



5. 



" <? X 2 3 
Length of object I chose. 



3- 



^1 



Then, before plotting'the length of object D, ask them to write 
in the numerals on number line 3. When the children have 
done this, ^direct them to mark off the inches and ha'if inches ^ 
on number Irnes 4 and 5, and to number these two lines/ (A 
few children may need help in humberlng or markitig the number 
linesD Then tnfey are to plot' the last two-lengths. 



Some children may fh^l frustrated at being required to measure 
only to the nearest half inch, when they are capable of measur**- 
ing quarter inches. Sinbe MINNEMAST julers do not indicate 
quarter inches, these childiren shoUld be permitted to work-w^^ 



measurements on plain sheets 61 



other rulers and record their 
paper, but only* after they havfe completed Worksheet 7 aficbrd-: 
ing to directions.. ^ 



Save the completed worksheet for u^a in, the next lesson. 
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Lesson 3: MEASURING AND ADDING FRACTIONAL UNITS 



This lesson-continues the work with fractional units /reviews 
.the idea that two halves combine to ma*:e a-whple, and gives' 
practice in the use of ordinal numbers (firs^, second^* third, 
etcJA 

V * 

Activities^nclude a worksheet on which lengths measured to 
^the nearest half inch are added, ^s*weli a.s*" some sets of ob- 
jects mth whole and half members'/ An experiment where ob- 
jects iml from an inclined plane to a level surface provides 
further opportunities for measuring to the nearest half inch/ 

The .inclined plane can be constructed very simply with a ^ 
property block and two rulers, as shown: 




MATERIALS / ' 

a few paper or flannel circles, squares and strips 

- number line,/ 0-6, of very large units drawn on cha.yc board 
I" number line tape (to IQO) - • . 
Minnebars . ? * 

2 *i\^INNEMAST rplers ^ ^ / , 

- Uthin square property block 

- '^I tapa measure or yards^k 

- ! ^addition slide rule • ^ * 

- I piece of white chalk, I red^ 1 blue 

- 4 or 5 cylindrical objects, such as: 6 bz* juice can, ' 
dry cell (D) , empty viscosity tube without cover (from 

^ first-grade kit), large and small circulpir property 

blocks, crayons or , pencils , small cars (size of Match- 
box Series^ if children can bring them 

/ .37 " * . 



— list of ordinal numbers on chalk boards as' follows: 



First 
S^ecoiid 
■ Third 
FourtJ;!- 

• • ^^^^^ - 

a 

Worksheet 8 . 



first. . , 
s^concT 
third 
fourth, 
'fifth 



1st 
2nd 
3rd 
4th' 

.•5 th 



PJ^OCEDURE 
Activity A" . 



To prepare the<:hildren for their individual work in adding 
.fractional units (halves), review with them the idea that a' 
whole-is made up pf two ^equal parts and-tliat each of these 
two equal parts is one half pf the^ j/vhole. ^ Demonstrate this - 
wdth^drawi^ngs on the board, or by cutting paper strips, circles 
and squares in half, and fitting the halves together again. , 
Pretend that a paper circle is a cookie, cut it in half and.linev 
up the halves like this: ' " , ^ . * 



D- D 



. IF THESE TWO HALVES ARE TWO' EQUAL PARTS OF 
COOKIE, HOW MANY COOKIES WOULD I HAVE IF I 
ADDED THE-TWO TOGETHER? (| -t |= l.) ' 

Have a child check *this by turning the second half cookie" td 
fit the first: " ' , . ^ ' j / ' / ' 



(D 



Give'Ss many, similar examples as seem necessary for the 
children to understand 'that ^ + ^ = I . - 

'^ow pretend that 2 paper squares and 3 half sqOares We coolc- 
ies ^nd fi^lf cookies, and arrange them like^tliis: 



□ 



./ ■ HOW rylANY COOKIES WOULD I HAVE IF I ADDED 
ALL THESE WHOLE ANDJJALF COOKIES? 
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If children have trouble adding these> encourage them to-fit 
as man/ hialv.es into wtholes-as possible, and then count. . 

To review the addition of whole uhits of length, use a number 
line of six large units on the chfilk board. In showing how to* 
' add. 2 and 3, for example, draw first a curve from 0 to -2, 
then a curve from 2 to 5. The children should be abl^ to see 
that the numerai at the end of the second curve is the sum of 



the two. 



= 5 




Have the children demonstrate, by mafkiHg off the solutions to 
such problems as 4+1, 3 + 2, 3 + 3, etc.' 



fjow use the same number line to have the class do a few ex- 
amples where they.add one' length that is a whole_ number of 
units to a- length that has a fracti,ori (2 + 3|, 1^ '+ -3, 
■1 + etc.), -3^. 



± 



I - I 




0 .1 2 3 - • ' ^ ., • ° ' 

Finally, demonstrate the addition of two fractional lengths:. 

^i -t' ■ ■ -Si ■ . s 6 



1 



2 



3 



Have the children practice addipg' other fractional lengths on 
the number Jine until you feel sure they understand hoW;to do 
it. For those having difficulty, provide jairs -of Minnebars-so 
that the children can measure each bar with a ruler, then place 
both together at the ruler's edge to read'the result. . 



Activity b - 



Remind\the children that on Worksheet 7 they recorded the 
lengths of five objects^jto" the nearest half inch. On Work- 
sheet 8 they will use.ntjjj^ber lines to. add the numbers which 
represent these lengths. Point out that the worksheet is not 
wide e'nough to ^ho id number line of twenty inches, but the- 
marks will represent inches. In the f^rst three problems the 



children Will be adding, s 
the' niimber^of inches, and' 
4ialf inches; In tfi^ last 
f bVir problems, they will 
be adding objects and 
halves dl objects^ Read 
the directions t)n the,^ 
.worksheet and havfe the . 
' children^follbw along. . 
When yoi^."^ink they un- 
derstand the pr&cecJure, 
have them xjomplete the 
worksheet'individually, . 
with; as little help as 
^pos-cible.^ In the class * 
.di^cuqsion that follows j » 
letfeach child check and 
correct his results. 
There., m^y be a Uttle 
variation iri; the. answers 
to problems I and be- 
cause sojjie cnildren may 
^choose. a reading a half ^ 
',unit different frorrf'bthers;- 
but the ahswers'to, prob- 
lem 3 should vary . * ^ 
greatly, P^k about this: 



»l. Dfaw a curve to show the length of bbj^t C. 
'•^ Add the* length of Object A io it. . ' \. 



Worksheet ,8 

O'hit 16 Name- 



0 12 3^ 5 6 7'$ H^ioiiiiniHisien m<iso 

2. Draw a^curve to show the length of Object D? 
Add th^ length of Object E to It. 

^ — ■ ^"'^^^'T^^L r r-i « » t « > I r I- 

0 1 13 H S h 1, 9rf^ lOull&niHlS 171819 20 

3, Draw a curve to shoW the lengtH of Object A. 
Add the length of your chosen object to It. 



0 1 i 3'^/^ 6 7 8 9 ^URlSlHlSMl? J81920 



Add the cookies and half"^ 


Writfe the equation. « 


• cookies in each'^iow. 










-6.OOOO+0 =i:k. 




7.",. 0-f 0 + 0 =ix' 


7 i ' . i it 









'. DO WE HAJ/E Mi^NY DiPFERENT ANSWERS FOR PROB- * ' . 
LEM 3? (yfes.lP ' ^ , . \ 

* WHY? (Because w,e chose many jdifferent objects to 

• add to the length of object k.) ^ < * 

' . / : ^ " ' * ' ^ 

Some childrea may not see^that the answer to problem 7 is 
^ + i = ^1^. If 'so, review the, cutting and fitting together 
of the paper cookies.^ Elicit from the class, that half ar>o)?ject 
remains half an object no matt^r^ow it is .turned. ' ■ ^ ' 
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Activity C' " 

^ This activity involves measuring the distances-that cylindrical 
' ' objects roll fro m-^n inclined slope and familiarizing the children 
with -spme of the ordinal numbers. The- equipment ppnsist's- .of a 
\ong -n.umber line taped on the chalk board art a height where the 
children can-ecLsily reach it/, two MINNEMAST rulers propped on 
a small, square property block; four or five cylindrical objects - ■ 
(marked. A, B, C, D, etc..)-«d be. used in each "race"; and o'ne 
tape measure or yardstick. Since an object may roll six feet or 
more, even' when gently released at the top o'f the slope, select 
a fairly large area whefe all children can see What. happens. A 
location near the number liiie would probably b§ most convenient. 

Introduce the activity by asking the children whether they have 
ever rolled" toy cars downhill to see how far the. cars would. go . 

■ Say that today^ the class is going to roll some objects down a • 

^ s lope for the same reason. 

Explain to the' children that they are going to obsen^, mea- 
sure^ and record the distaace each object rolls .after It comes 
off the slope. Teil them to think of the activity as, a race to 
. see which object will roll the farthest. 

\ Then tell the children they will have a gdod opportunity^to use 
some, of the ordinal numbers they fee on the chalk board . They 
can say that the object that^goes the greatesjt distance is the 
winner ~ it/Is first , another object will cojjie out second in 
the amount of inches it' travels, and /so 

For each race, asjOgn four diffcrfn/ children for these tasks: 



To release the objects gently / one at a time; at the top of 
tHe slope^ 



op^. 



2. To mark with chalk the spot oqthe floor where each object 
stops . ' / ^ t 

3. To measure to the, nearest halt inch the distance each ob- 
ject travels from the base of the slope. . 

4. To record each measurement on the number line, marking it ' 
with an A, a B, etc. / ' . ' 



•Have the children fecoVd with white chalk for the first race, 
red'for the second, 'and blue for tHe third. Provide child 3 
With a tape measure or yardstick. Help him if he has to add 
large numbers.- 

After each object has been rolled, and the distance marked, 
measured, and recorded, ask'^the children which oBject came 
in first, which second, etc. Use these ordina,I numbefs fre- 
quently and refer''tp;them. as ordirial numbers. The children 
will need to recognize the abbreviations (Is'^t, 2nd, 3rd, 4th 
and 5th) for the worksheet in the next lesson, but they need 
not go beyond that now, as they wiir receive more practice • 
with ordinal numbers in future lessons. 

At the end of the first race, ask the children-what would hap- 
pen if the same experiment were repeated. 

DO YOU TH/NK WE WOULD GET THE SAME RESULTS IF 
WE "RACED THESE" SAME OBJECTS AGAIN? . 

HOW^ CAN WE FIND OUT? • ' , , ^ 

Erase the floor marks from the first race and have the class 
repeat the experiment with other participants.- Ask whether 
the results are the same. Then ask whether the resi^lts 
would be the same' for a third race, and let them conduct that. 

If there is time, the children may enjoy pacing the same object 
from a slightly higher slope, or a different set of objects from 
the same slopes, etc. 
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Lesson 4; DIAMETERS AND' CIRCUMFERENCES. 

Measurtng diameters and circumferences of cylindrical ob- 
jects gives the children further practice in determining and 
recording lengths to the nearest half unit. The lesson also 
takes a -first step toward developing in the children some 
appreciation of the relation between, the diameter and the 
.circumference of a circle. " . , 

) ' . ^ / • 

In Activity A the children hpld yarn around each of five ^ . 
cylinders., mark the yam where it overlaps, then measure . , 
the marked segment of yarn to the nearest centimeter or half 
centimeter. They record thes.e five measurements of circum- 
ference in Table A of Worksheet 9'. 

In Activity B the children draw an outline pf one end of each 
cylinder and measure the diameters of these, circular out- 
lines with their rulers. They record .— to the n.earest half 
centimeter the lengths of the five di^otmeters in Table B of 
\ Worksheet 9. They also, check the accuracy of the first 
V diameter measurements by measuring another diameter of 
each circle. . 

Then each child select^s the two meas.urements of just one 
object to plot on number lines* Ori a third number line he 
plots the length of the circumference of his"^selected object 
with a red: crayon above the line, and repeated l^gths of 
the diameter of the same object with -a blue crayof^below 
the line. He thus discov.ers that the circumference^^s 
approximately three times longer than tjie diameter of\a 
- * circle (and/or cylinder) . . ^ . 

* * ^1 , . 

For tTie purposes of this .lesson, define diameter very sim- 
ply as "the distance across a circle" and circumference as 
•»th**e distance around a circle." Use the terms "diameter" 
and "circumference" as often as you can fit them in natur- 
ally, so that the children will begin to use them, too. 



MATERIALS 
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1 rather large cylindrical object (such as a 3-lb. coffee 
can, canister or waste basketj and a piece of yam 
slightly longer than its circumference 

Worksheet 9 ' 

• 43 . ' , 



— for each group of five — ' . 

- I six-'bz. juice caa; I drycell (D); I tube from viscos- 
ity kit; I large, thick, circular property block; I small, 

" " tl^ick, circular property block, (In the order listed, 
• ^ label the objects: 1st, 2nd, 3rd, 4th, and\5thj 

- 25 pieces of yarn, each about 10" long 

- 5 rulers with centimeter scale 

- masking tape (optional) 

- 5 crayons, soft lead pencils, or pens.fpr marking the 
yarn 

PROCEDURE 

Activity A "\ ' ' v . ' 

Display a se^.of the five cylindrical objects that the groups 
of children are.going to use, along with a ruler, a crayon or 
Qther marking tool, a §heet o| paper, and a piece of yarn* 

Explain that' the five objects arXcylinciricaliy shaped, much 
like some of those the children ug4din the last lesson.- Say 
that this time, instead of measuringxhow far the objects roll 
from a slope^, the children are going tb make maasurements^ 
on the objects* themselves. ' j 

Pick up two objects from the set. 

CAN ANYONE SHOW TOR HOW WE' COULD COMPARE- 
THE CIRCUMFERENCES — THE DIS'TANCES AROUND 
THE CURVED SURFACES — OF THESE TWO OBJECTS?.. ' 

Have the children co'me to the front of the room and try out 
whatever methods oL,comparing they suggest. Some children 
may remember that in kindergarten or first grade they put* 
string or paper around each circular object, cut these at.the 
point or line of overlap, and then cbmpared'the lengths of 
tljle strings or the pieces of paper. 

If no child uses the yarn to mark off Jhe distance around an 
object and the iiiiler to provide units of measurement, sug- 
• ^est that this be tried. If necessary, give a demonstration 



of the procedure: Select a cylinder that is not in the chil- 
dren's set (e;g. a coffee can) ahd'wrap a piece of.yarn 
around it, Mark the two parts^ of the yarn at the point -of 
overlap, and then,meas.ure the marked-.^egment with the 
ruler. 




Have a few children try the method. Some may be. dexter-^ 
ous" enough to hold'and measure a segment of yarn without^ 
marking it. Others may need, to fasten the yarnno the 
cylinder with tape in order to do the marking. In any case 
point out the importance of 'fitting the yarn closely around 
the object and of holding the yarn firmly in place untiMt 
is marked {or securing' it firmly at the two appropriate 
places with fingers of both hands until it is measured). 

Activity B 

Hav^ monitors distribute the sets of cylinders, yarn, etc. 
to the groups of children. Ask the children to take turns 
measuring the circumference of each object to the nearest 
half centimeter and to record ^the five measurements in 
Table A. of Worksheet 9. The following remarks may be 
helpful: ^ 

• USE A NEW^ PIECE OF YARN FOR EACH OBJECT, IF YOU 
,ARE QOING" TO MARK THE YARN. MAKE TWO MARKS ON 
THE'YARN WHERE IT OVERLAPS. MEASURE THE DIS-" 
TANCE BETWEEN THE TWO MARKS TO THE NEAREST 
CENTIMETER OR HALF CENTIMETER. IF TH-ERE ARE NO 
HALF;CENTIM^IfER MARKS ON YOUR RULER, DECIDE 
. FOR YOURSELVES WHERE THE HALF MARKS SHOULD, BE. 

If any member of a group is haying difficulties, suggest 
that the other members assist him. 



{ 



When all have finished 
filling. in Table A of the 
worksheet, hold a dis- 
cussion about the. value 
of knowing how to mea- 
sure the circumference- 
of an object: 

CAN YOU GIVE. TOR 
ANY REASONS WHY 
IT MIGHT BE USE- 

• FUL TO KNOW HOW 
TO MEASURE THE 

. CIRCUMFERENCE 
OF AN OBJECT? 



Any child's reason is 
adequate for this dis- 
cussion (finding a 
length of paper to 
-.cover-a n^objeet^shop- 
ping for a new belt to 
surprise Daddy on his^ 
birthday, etc.) » 



Activity C 



Worksheet 9 
Unit 16 . 



Name 



^ . _ ierence 



5 Objecjt ' Diameter 



tst 


11. 


cm 


Juice can 


1st. 




cm 


2nd 


JL 


cnx. 


Dry cell 


2nd 




cm 


*3rd- 


m. 


cm 


Tube 


3rd 


3_ 


'cm 


4th 




cm 


Large 
block 


4th 


5 


cm 


5th 




cm 


Small 
block 


5th 


2i 


cm 



A Plot the circumference of your chosen object on num- 
ber line 



B 



o i z J V jr 6 7 m 9 io tf tx. ts ts n /# vf zo * 

Plot the diameter of chosen object on number line B. 



I I i I 



« « ' Li_l_ 



^ o /- z J? V ^ < T • ^ ic tt tM. iM H IS tr iS tf j» 

Q Plot the circumference of your chosen object again. 



11-11 \ I 



o / z s ^ s i r « T ^ H ft. ts IS ft tm xo 



Jiow^below-ihe^humbor-llne-plot'diameters of your 
chosen object over\and over until you have just 
passed the end of the circumference. 



\ 

Jumps taken to come\near circumference 



Show the childr'er^ how to draw 
th§ outline of one end of a cyl-- 
inder by holding adarge object 
(such as a wastebasket) 
against the chalk board and 
drawing around it with a piece, 
of chalk.- 



Then draw a straight line 
across the circle on the board 
arid explain that this is one 
diameter (one line of greatest 
distance) of your circle. Mea- 
sure this diameter with a yard-, 
stick or meterstick and record 
the measurement on the board. 



Next draw a vertical diameter 
of the circle, and measure 
and record it. Draw,, measure 
and record a few more diame- 
ters until the children notice 
that all your diameter measure- 
ments are th.e same. 

Now explain to the children thatjthey are "to draw outlines - 
of each cylinder (in the group's set) oa the back of WorJ:- 
sheet 8, They are to pass the objects around, so that all 
can be working at the same time. But before giving^an* ob- 
ject to the next child, they must write the- ordinal number 
of the object (Ist, 2nd, etc.) inside its circular outline; 

Ask the children to draw their circles carefully, pressing- 
down firmly on each object and keeping the pencil point as . 
close to the object as they can. Tell them not to crowd the 
circles together on the paper, but to leave room for recording 
some- measurements . , , 

When all liave neatly drawn and suitably labeled the five cir- 
cles, ask the children to draw one diameter straight across 
each circle (horizontally). Then have them measure each 
diameter to the nearest centimeter or half centimeter and re- 
cord each measurement near the appropriate circle. Ask how 
this measurement could be checked. When the children sug- 
gest checking it by drawing and measuring another diameter 
for each circle, ask them to draw an up-and-down (vertical) 
diameter in each, and. to measure and record these near their 
first records. Check the re s^ults: * ' 

WHEN YOU MEASURED THE SECOND DIAMETER OF EACH 
' • CIRCLE, DID YOU GET THE SAME MEASUREMENT AS THE 
FIRST TIME? . • ^ >■ • 

If the two diameter m^^asurements by the same child for the 
same circle vary by mpjre than half a centimeter, checkjhis 
paper.to see, whether Either his circles or his diameters^are 
too poorly drawn to be useful. If so, have him draw and ' 
measure others with your guidance. If his drawings are good 
enough, ask him to measure again mq^e carefully. Children 
may have drawn circles of slightly varying diameter for the 




same object so it is not necessary for all measurements in 
a*~group or in the class to agree, but each child should have 
--r for eacfh of his own circles — a fairly accurate measure- 
. ment. ' ... ' ' 

WHEN YOU ARE SATISFIED THAT YOU' HAVE MEASURED 
.THE DIAMETER OF EACH CIRCLE CAREFULLY, RECORD 
. THE MEASUREMENTS' CAREFULLY IN TABLE B.OF WORK- 
SHEET 9. - ■ X ' . ° 

When the children have done this, ask them to discuss situ- 
ations where the measurement of a diame,ter would be needed: 

can you tell tor any reasons why it might be use- 
ful to know-how to measure the diameter of an • 
'object? 

Some of the answer.s previously given for the usefulness of* 
circumference measurements are suitable here also^ but the 
children may be able to think. of others. (e.g. fitting a rake ♦ 
or other jtool with a new handle, finding a nut to- fit a bolt, 
finding but whether a "round'' tablecloth will cover a "round"^ 
table while the cloth is still folded in half). 

Call attention to the number lines on Worksheet 9.' 'Tell each 
child to choose bne'object from the five his grouii has and 
check to see which of his circles represent that object. Then 
he is to find, .from \]is data.tables, the length of the .circum- 
fere.nce of that pbjeqj and plot^it on number line A. On num- 
ber line he is to plot the diameter of the circle. * 

6efore the children work individually on number line C, dem- 
^onsfrate its use orr a larger number line on.the chalk board. 
Ask a child to give you the data for his circle t— its circum- 
ference andpits diameter. Lay off the circumference, above 
the* number line and then lay off the diameter belov\^ the line. 
Smarting from the end of^that diamet<er, mark off an interval 
equal to anpther diameter. Continue marking off such inter- 
vals until one diameter interval goes b^ond the end of the 
circumference. , - . , 

-.4 a 
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^ d- I 2 3 ' 4 5 -6 7 8 -9 10 .1 I 12 1^ 14 15 i;6 17 18- 







l- - 1 













\ 



ODD 



^ Ask the class to draw the circumference of the cfiosen object 
with red crayon above the number line C- Tell the children 
to try to find out how many diameter-length jumps fit into the 
circumference by drawing the^diameters below the number 
line C in blue crayon. Then you might ask the following: 

GftN YOU TELL TOR ANYTHING YOU NOTICE ABOUT THE 
CIRCUMFERENCE AND THE DIAMETER OF THE CIRCLES? 
(There, are about three diameters in a circumference.) 

IF WE KNEW ONLY THE DIAMETER OF A CIRCLE, HOW 
COULD WE FIND ITS CIRCUMFERENCE? (We could lay 
off three diameters^ and get. an idea of the circumference.) 

If there is. time, or if the ch il dren wa nt to- check into this 
further, they could make a„number.lihe on .a sheet of paper, 
and mark off ail the clrcumfer 

line, and all the diameters in Table's below the line. Or, 
* using a different color <xf chalk for each object's measure- 
ments, you could demonstrate on a large number line on 
the board, all the data in the tables of Worksheet 9 as the 
children provide it. 



Some children might like to measure cyli ndrical objegfe 



not used in class and report their findings. Suggested 
items are: kaleidoscope, piece of metal pipe, plastic or 
metal kitchen containers, drinking glasses, vases* and™ 
jars. . " ' . 
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SECTION 2 f I 



UMERATION AND PLACE VALUE 



PURPOSE ■ ^ " " 

I 

- To teach the use of numerals in representing the -idea of 
' -numbex, ' . 

♦ - To develop'' the child's understanding of the decimal 
^iacetrtvalue notation/ 

- To have the child recognize the correspondence between 
the real numbers and the points on a number line. 

To develop an understanding of the use of jiumbers in mak 
ing me'asuremervfs.^ 

- To extend familiarity with the numbers lip^to 999. 

- To give practice in 'addition and subtraction. 

4 • 

COMMENTARY' * " • • 

This section attempts to enlarge the child's^understanding of 
the nulnber cpncept and of the structure of the number system 
so that he will be able to manipulate numbers better in arith- 
meticali>perations. The chiH will also gain mpre insight 
. into numbers by using them in making measurements. 

Tor can be used to good advantage in^this section. The 
^ children can pretend to teach* him some of the number con- 
cepts they are studying. The fact that Tor has a total of 
only, four fingers is useful in introducing base four. / 

There are thirteen lessons in this section. In Lessot^S the 
children study the distinction between numbers and numerals. 
In Lesson 6 they study T notation (using the letter T to 
represent lO's), and numerals to 99. Lessons 7-9 us^e the 
number line/ measurement, and the addition slide rule to 
provide practice in addition and subtraction of two-digit 
numbers and to help the children understand place value. 
The abacus illustrates place value in another way in Les- 
sons 10 and I Work with the abacus also reinforces the 
groundwork that has already been laid for understanding 



the standard addition algorithm (rule of procedure for solving 
a mathematical problem)* Knowledge of the numbers is ex- 
tended to 999 in Lesson 12, not only to e^^able the children 
to^ handle larger numbers, but also to demonstrate the gener- 
ality of the decimal place-value notation. Lesson 1*3 gives 
practice in counting by tens. 

Lessons 14-16 ace concerned with the base four system of , 
numeration. Lessons 17 and 18 present the Egyptian and 
Roman systems of numeration to emphasize the superiority 
of the decimal place-value nptatioh. 



■ ' . tf» 

Lesson 5; ' N UMBERS VS. NUMERALS 

The purpose of this iesspn is to review the fact that numbers 
are mathematical ideas for wljich symbols can^ be written-^ and 
that these symbols are called numerals. The children are 
given further work with numbers to help them with their mea- 
surements arid to prepare them better for their future work in 
ma'thematics and science j | 

• ' ^ ■ - 

MATERIALS , - ' . / • 

- pencils, counters, paper clips, etc. ' ' 

- United States flag ■ ^. . - ' -* 

- an apple (optional} . . , " 

PROCEDURE- , ^ ■ 

Activity A " ■ ' . .' , 

■ Explain to the students that they are going- to Kelp teacH Tor 
about our numeration system. . ' ■ . j 

■ By the following procedure, demonstrate thait numerals are 
symbols, ^rite on the chalkboard these t^rf numerals: 0, I, 
2, 3, 4, 5, 5, 7, 8, 9. Tell the children that Tprwarits to 
know what these symbols' represent. Have a child read them 
aloud for Tor.. The following discussion will brifng out the^^' 
idea that numerals are symbols representing numbers arid 

that nurfibers.-are ideas describing quantities.---;'-"''^ 

. - I . • ^ ■ i I . . . 

. Have the~^iidren arrange s^ts of five objects, !(e.g: pen- 
cils/ counters, 'paper clips,- etc.) on their deslisj_ Ask a ■ 
question of Tor, such as, "Tor, hovy. are these bets alike?" 
(They all contain 5 objects. . They "all can be represented 
by the numeral 5.) Write 5 on the chalkboard. ( qohtini^e by . 

. .having the children arrange sets of 7 objects oh their desks. . 
Again ask the question/ "How aire these sets aiifee? " 
(They can all be represented by the humeral 7. )1. Repeat, 

" using sets of 4 objects, 8 objects, '3 objects, etc. Tell ' 
Tor and the children that "7, "8, " etc. are thJ names we 
use for representing the number of members in dach set. 



Tor says, "I think I understand, but rm'not quite sure. 
Numerals are mt numbers, but they stand for numbers." 

t ^ «» ■ * . . . « 

; ' CAN YOU 'show tor something in this room that is 

A SYMBOL FOR OUR COUNTRY? (The United States flag.) 

, IS THE UNITED STATiSS FLAG ACTUALLY OUR COUNTRY? 
(No, it.'s a symbol for our cou-ntry.) 

WH0 WE. SEE THE FLAG, WE ARE REMINDED Or' OUR 
• COUNTRY. THE FLAG- IS A SYMBOL OE OUR COUNTRY. 
WE THINK OF WHAT TT STANDS FOR WHEN WE GIVE . 
-OUR -PLEDGE OF ALLEGIANCE. " - . " 

^ "* • • \ ' 

Nov? print the word "apple" on the chalkboar4. . Ask the chil- 
dren to find an apple for Tor. . ' . 

*IS THERE AN APPLE ON THE GHALKBOARD? (No.) 

THE WORD "APPLE" ISN'T VERY TASTY,. IS IT? THE oWORD , 
ON THE BOARD IS JUST A SYMBOL FOR AN APPLE. , • • 

. ' • • • . '■ 

THE SYMBOLS, df 1, 2, . 3, 4, 5, "S, 7/8, 9" WHICH WERE 
WRITTEI^ ON THE CHALK BOARD ARE CALLED NUMERALS .- •'f 
,* WE -GIVE them' NAMES: ^BRO.,.ONE,- TWO, THREE,"""' 
FOUR, ETC, BUT THESE ARE NOT THE NUMBERS — THEY 
ARE "JUST THE SYMBOLS FOR THE NUMBERS.. 

Explain to the children that they learn ma<ny things about 
numbers by doing things with the symbols for numbers — the 
numerals — but numbers have properties that numerals;do*not. 
Tell them thrat by looking at the United States flag, they lean 
.see that our country has 50 states and I 3*original colonies; 
but they can't Icnow from the flag that Washington, 
is our capitol or that the 4th of July is Independence* Day^» 
In the seme way, explain that numerals help .represent num- 
bers, but they don't tell everything about them. Say that a 
large part of what we call '^.mathematics'* is the study of the 
*properties of numbers.. . ^ „ ' , * 

Tor says, think I understand r^ow. " , * ? 



Lesson 6; T NOTATlipN AIJD NUMERA-tS TO 99 



This lesson reyi^ews the numbers from»one to 99 and'explains 
^ how we represent\them. The deoxinal system oi place-value 
' notation is presen^d-as atspecific examplfe of numeration! 

MATERIALS • 

counters- anid flannVl tjoard 
- Worksheets 10-14, \cdlored <:rayons 

PROCEDURE - ^ 



worksheet 10 
UnU'16 



Name 



Draw d closed cxjrve around each set of ten. Rdcord 
the t\um'bor of tons (T's)'and the number of ones loft 
over. Write the shorter name for the sum. . ^ 




Write several two-digit nume;?^ls on the ihalk Jpoa'rd (e.g.- ; I6,, 
34, .73), Explain that Tor lyss asked abojut these numerals." 
What do6s the "34" mean? 7 Does it meaij a three and a four? 

Place 34 counters on the flannel board. Have one of the 

children divide, the' counters into as many sets or groups of te^ 

counters ^s he can. (3 sets 'of 10 counters plus 4' left over.) 

Have the children explain 

to Tor that we repfesent^ 

the 3 sets of 10 counters- 

a.s 3 tens (or 3 x 10). or in 

a simpler form as 3T*s. 

We* can 'Write a 'Humeral 

^r all 34 counters by us^^^ 

^ing. the operation of addi- 
tion — by adding the^ 3 * 
* tens to the/A, counters or 

3.^^ + 4 . ^ shorter name 
Jot 3T V 4 would be 34. 

Therefore, when we write 
•the humeral 34, the 3 

represents the number of ' 

sets of ten^ and the 4 

represents^ the number 6f 

ones* , This is called the 

decimal (base IQ) place- 
value system of numerals. 

Repeat thfe above prdce-^ - 

dune^ with numerals siich'' - i t 

as 47, '62, 13, etc. , until the children are ready te dp Workr- 
shfeets^ ID- 14. Raad the instrujations on the worksheets to tliem. 




ones 



ones 



Mil 






!■■ 






« 


7 . 


/V' 


* 0 +- 


.6 . 


6 - 



Worksheet M 
Ur.it 16 



Pccord.tne number o( tens (T's) and tho,number of 
ones m 6hc following nurneral§. Then wr^c the 
number -n'the place- value chart. 



16 



Si 



9S 



82 



Number 



Number of ones 



Number of tens {T*s)__ 



Number of ones 



Number of tens {T*s)_ 



Number of ones 





•T's Ones 




6 


■ 6 • 


3, 


T'S 


One*? 


3 


H 

.. 1 


H . 




T's 


Ones 


1 


3 




3 



T'S Ones 



Number of tens (T*s)_ 



Number of ones 



, ' Number of tens (T-'s)^ ^ 

' Number of ones * ^ 



T'^ Ones 



Worksheet 12 v 

Unit 16 ' Nam e : 

A ' 

^tart e»t zero and work this way — ►across each^row. 
Pill in each squire with the next counting number. 





1 


Z 


3 


H 


5 


6 


7 


o 
o 


7 




II 


a 


13 




15 


16 


17 


18 




1& 


J.I 


XL 


23 




25 


26 


11 


28 




30- 


3i 


31 


3\ 


35 


3b 


37 


§8 










11. 


It. 


11. 




■Hl- 




1 


so 


SI- 




S3 




S5 


a 


■5-7 


!« 




60 


61 




is 




6S 




67 


68 




70 


71 




73 




75 


% 


77 


id. 


7^ 


?o 


?i 




S3 




■?5 


3b 








\9o^ 




n 


n 




15 


% 


97 




11. 





\ 




•X 




•Worksheet 13 
Unit 16 Name 






Use Worksheet 12 to help you fill in the boxes. 


What.numeral foUows'> 








16 


■ n 

« 


\ 


8 ^ 






32 ? 


■35 




28 ^ 






93- •> 






47 ^ 


















46 ^ 






3 ? 
\ 






• ^ 54 •> 


55 




74 ? 


. 75 


1 












/ 













Worksheet 14 
Unit 16 



Name 



What punieral completes the number^ pattern '> 
Color the numerals on Worksheet 12 as directed. 



0, 2, 4, 6, 8^. ^ _ 



9, n, 15, 18, 21, 



25, 26, 27, 28, 29, 



38, 41, 44, 47; SO, 



89, 91, 93, 95, 97, 



10 



2H 



Color these rod. 



Color the^e yellow. 



30 • 



Color these grqen. 

9 • 



S3 



Color these blue. 



Color these brown. 



Lesson 7: THE NUMBER LINE 

This lessorT reviews and extends the concept of the number 
\ linewhicliis seen as still another way of representing the 
numbers' and of learning some of their properties, The^'addi- 
' tion slide rule (which is essentially two number lines) is 
also usep,y Most of the lesson should be done as a 'class 
activity j! 

MATERIALS^ 




6er line (Or 1 00) taped to chalk board 
' '-r- for each child — 
addition slide rule ' 
r^d pen or pencil 
Worksheets I 5 and 16 



/ 

/ 



PROCEDTjRE ' / 



/ 



\ 
\ 



/ 



Draw or tape a number line on the chalk board. * Suggest 
to' the children that the number line could be used to help 
Tor understand more about o^ur system bt numeration. You • 
might say^, "Tor wants to know in what order we arrange 
our numerals." Ask such questions.^as: . * 

IS THERE ANYWAY TOR CAN TBLL WHICH NUMBER IS 
LARGER THAN ANOTHER ~ BESIDES LOOKINd AT THE 
~ \ 1 NUMBER OF TENSjAND ONES''? (Yes,, he. can look at 
the numb^line to see which numeral is jlarger.)" 

/ ' 

BOW DOES THE NUMBER LINE TELL US WHICH NUMBER 
IS/ LARGER?' ''*(The nufn.^ral to the right of anothii: numeral 
. i^ always larger.) 

HAT'S^RIGHT. AS^ WE GO THIS ^WAY > ALONG TH 

^NUMBER LINE,, EACH NUMERAL IS^ONE GREATER THAN 
THE PREC£DIN(3-bNE; \ . 

Activity A - . ^ \ - 




Give each child an addition slide iijie. Ask the children to 
describe it, eliciting that it consists of two nunjber lines. 



Ask for volunteers to demonstrate how it can be ul^d to add 
t^o numbers. If no child* remembers „ the procedure well 
enough — from first grade to give a good demonstration, 
show the children how^tiie two number lines of the slide 
rule are used, . ' ' 

WE ARE GOING TO ADD 3 TO 6 WITH THE ADDITION 
SUDE RULE. WHERE SHOULD THE 6 BE PLACED ON 
THE LOWER LINE? (Straight below the zero on" the 
upper number line.) * . . ' 

WHERE DO- WE READ THE SUM OF 6 AND 3? (Straight 
downTrom the three of the upper line,) 



I I I I r 

O 1 2 3 4 



I I I I i I r T; I. I ,.L I 

O 1 2 3 4 5 6 7 8 9 10 11 



1 i 



Have the children use the'^ddition slide ruletand then the 
number line on the chalk bo^rd to show Tor how number > 
lines are used to add numbers. Ask them to do such addi- 
tion problems as 6 + 7/ 33 +\&, 53+9, 17+2, etc. 
Continue giving addition problem^ until the children can 
use their slide rules easily. 

The various rules for addition, which bie children have been 
applying,,, are properties of numbers, but^t is not necessary 
for the children to recognize this now. Howler, they 
should be able to state some of the ways (som^^>pf the rules)* 
they have used to\add' numbers. • 

LET'S REVIEW FOR TOR SOME OF THE WAYS^WE ADD 
NUMBERS. '(We used the decimal notation to add tens 
and ones; we used one number line on the chalk board; 
we used two number lines on the addition slide rule.) 




57 



Have the children do Worksheet '1 5 (as a clasi activity, if 
necessary). 



> 






_ \ 


Worksheet 
Unit 16 


15 


Name _ 




Use your addition slide rule to ^dd the following. 


17 + 12 






4 + S = 9 


6+9 




.'•5-' 


84 + 9 = ^3 


13+6 






5 + 8 = \ /3 


\ 

, " 4-4\+ 3 






c 

24 + 2 ^ c?^ / 


\ ' 
\ 

63+9 












37 + 0 = J7 









i . • ' 

Activity B ' ' ^ * . 

Tell the children that Tor would like to know what we call 
points on the number line that are between the numerals. 
Have some of the children come up and find' points halfway 
between a pair of numerals on the chalk board number line 
.(such. as 4f, I8|, 23^/^gtc.) The number line representa- 
tion helpa the children see that fractional numbers exist 
between the whole numbers.. Explain that'fractional num- 
bers must not be very different from the integers since 
' they are both represented by p'oints on the number line-. 



58 



47 



Give the children red marking pens or pencils ♦ Have them 
mark the half-units on their addition slide rules (on the upper 
tape only) . . . 



1 — I — I — - I .^L I — I — r~ 
6, 7, S, 9ip 11,12 13, 



5 



1 . i . i/A rk 



Red marks 



Demonstrate addition problems such as these; 

■5 + 2t = 53 + 9i = 

7 + 3t = r 32 + 3| = ^.^i 



6Zi 



Continue the class work. until the children seem to under- 
stand. Then have them do Worksheet 16. 





Worksheet 16 

Unit 16 Nante_ 








Use your addition sfide rule (with Vs marked) to add 
the following. 






3 + 9^ = 






7i + 6 = ' 


9 + 6^' =: 
















isV 2^ ^ 




i 




\ 











5C 



LessQ.n 8; MEASURING WITH TWO-DIGIT NUMERALS 



'In addition 'to providing practice in measuring with two-digit 
numerals, this lesson builds the idea that numerals can be 
used to represent size. Concrete examples of length mea- 
surements are shown on the number line. This lesson also - 
reinforces the concept of place value, r 

In Activity B the children learn the number, of inches in a foot; 
and the number of inches and feet in a yard. In order ^ de- 
termine the number of feet in .a yard, standard 12-inch rulers, 
are easy to use.. If MINNEMAST rulers are used, allowance 
must be made for their extra length, either by overlapping the 
rulers -or by arranging them in this way along the yardstick': 



Method of comparing MK^NEMAST rulers with a yardstick:" 
• 1 



ruler 



ruler 



ruler 



yardstick 



12 



24 



It is desirable for each group of children to have a yards^tipk 
qt&d'^three rylers, but if this is not possible, either divide 
the' cla^' into larger groups or have the children take turfis 
using the equipment. The number lines ~ which the children 
use ~ may 'be taped to their desks before the lesson begins. 



MATERIALS 



- number line (0^25) ^on the chalk board r 

- red, blue, yellow and orange .chalk ' 

for each group 
~ I standard 36*' yardstick 
r-' "3 Standard 1 2 " rulers 

- - 1 large book r - 



— for eac^h child 

- I desk number line (0-25) . 

- red, blue, yellow and orange crayons 

. - Worksheets 17/ 18, I9 and20 ' 

PROgEDURE ' • . • , , 

I 

Activity A ' • 

Write the following numerals on the chalk board — in no 
particular order or position like this: 



25 ^ 
34 19 

4 , 24 



L7 



•Mention that Tor is still puzzled by our numerals. He- 
would like more information about 2*s and 4*s, for example. 
Indicating the appropriate numerals on the board, say that . 
Tor v/ants to know whether. 24 is the same as the 'sum of 2 
and 4, V " 

LET'S SEE IF WE CAN EXPLAIN TO TOR THE DIFFERENCE 
BETWEEN 2, 4, AND 24, . 

Draw a number line (0-25) Dn the chalk board. See that 
each child has a number line with the same number of units 
on his desk, Ask^'the children to locate. and mark with a red 
crayon an X at these three points: 2, 4 , and 24, Mark your 
chalk board number line at the same points with red chalk. 
Next, have each child use a ruler and a blue crayon to draw 
a .line segment from 0 to. 2; a yellow crayon to draw a line 
segment from 0 to 4; and a red crayon to draw a line segment, 
from 0 to z4, Mark these on the chalk board also,' 



— ' 1 yellow 



P 1 blue^ 



< r I )k 1 I — I— I \ , ^1 ^ 

0 12 3 4 5 ^ 10 I 20 ' -24 25 

TELL WHICH UNE IS LONGEST. (Th4 red line.) 

^ WHICH XINE IS THE SHORTEST? (The\ blue line.) 

Explain that the same two digits. (2 and- 4) Were usednn all 
the parts of the example . Bring out thfe factlthat the length 
represented byocombinirig and writing 2 and! 4 as 24 is sig- 
nificantly-longer than a' length of either. 2 on 4.. Then, 
above the red line on the chalk board, represent the. sum of 
2 and 4 with ah orange line segment from 0 to 5. - 



IS THE LENGTH OF 2 + 4 THE SAME AS TH\E LENGTH 
OF 24? (No.) \ , 

t 

WHAT DOES -24 MEAN? 
Answer this by. writing 20+4 on- the chalk board. 



WOULD THIS SUM, 20 + 4 , BE A WAY OF REpRESENT- 
. ING .24? (Yes.) ' . • 

CAN YOU THINK OF ANOTHER WAY TO WRITE 24? 
(2T + 4.) . . ' 

Now tell the children that they are to think of the Aumber 
line as having units which will represent inches: the nurneral. «. 
24 will represent 24 inches, the 2 will be' 2, inches, the -4 
will be 4 inches, and so on. 

On the chalk board write: 

20 inches +' 4 inches (or) 20" + V 
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< ' If you use the. shorter'symbol {" \ for inches, make sure the 

children know what it is. •• <> 

IS WHAT I HAVE WRITTEN A WAY OF REPRESENTING 
24 INCHES? (Yes.) 

TELL ME ANOTHER WAY TO WRITE 24 INCIfES . 
. , . [(2T + 4) inches. ] 

Repeat the activity*with another, set of numerals, such as 
\ , 5, and 15. Then ask the childre^n to do Wx)rksheets 17 
and 18. * Give as much help as necessary. 





































Workshe<5t \? 
Umt i6 


Mome 












Worksheet 
Unit 16 


18 














Comploto the following equations: 








, Complete, the fo^Uowing equations: 






\ 


24 


Inches « 




T 


- + 




) inches 






. inches 


= ( / 


T 


+ 


2 


^inches 




17 


inches = 


( 


T 


+ 


7' 


) inches 




20 


inches 




T 




0 


inches 




, 2t 


inches 5= 


( -2 


T 


+ 


1 


) inches 




7 


inches 


= 0 


T 


+ 


7' 


^inches 


\ 




inches = 


( I 


. T 


+ 


6 


) inches 




12 


inches 


= ( / 


T 


> 


■ :i 


^inches 


> 

9 


Inches = 


( 0 


T 




* - 


) inches 




V 


inches 


= ( 0 ' 


T 






hnches 




// 


inches = 


( { 


■ T 


+ 


1 


) inches 






inches 




T 


+ 


2' 


^ inches 












\ 






















•* 

Modsure ihe following:* 

(Many possible answdrs) , 

Lenoth of Desk » inches = ( T + 


) inches 




.Measure the following: 

(Many possible answers) 

Length of Book = inchea ~ ,T + 


Inches 




Width of Desk 


finches 


=^ ( 




T + 


) inches 




Width of Book i _ 
*• 


^inches 






T + 


inches 



Activity B" 

■ . ^ ' Divide the class into groups and provid:e each group with 
a yardstick and three I 2-inch' rulers. " Identify the objects 
for the children. Then ask therii to find out (for Tor) how 

' .63 

• - . s . 



many inches there are .in- the .yardstick and how many 12-inch 
rulers are equal to the yardstick. 

' ^ CAN YOU T;ELL tor another name, for your I 2-I.NCH 
\ RtJliER? (if.s a one-foot ruler.) . ■ 

\ •-' ■ • . ' ■ 

Wrlte J_fo_ol md_J_it_orahfi_iahalk board. 

■ ■ 1 . ... ' ■ • . ■ , . 

HOW MANY FEfT ARE THERE IN ONE YARD? (3.) ' ' ■ 

.Giv.e. the.children^enough-time to use the rulers in various 
jvays:to find the answers to the problems. If MINNEMi^T ' 
rulers ar^ used, see'if the childrert can' devise their own 
method^ of taking care of the overlap when measuring the 
rulers along the length of the yardstick. '(One method is ^ 
shown in the lesson commentary.) ' ' O 

« 

Ask the children to do 
Worksheet 19. Tell 
them they may work 
together and use their 
rulers and yardsticks 
to find the answers. 
The starred worksheet." 
problems involve con- 
cepts not yet presented 
in the MINNEMAST ,' 
materials (adding 36- 
and 36-, which involves 
carrying; using *the 
fractional notation of 
one-third). /Use your 
own judgment aboiit 
whether your' class - 
shpuld.try these prob- 
lems with your help/ • 
whether only advanced 
students should do the 
prqblems, or whether 
the problems should 
be omitted. 
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Worksheet 19 
Unit 16 


Name 








Use your rulers to holp complete the following: 






Inches = 


1 


- foot 






Inches - 


2 


feet 




3*6 


inches = 


3 


feet 




u 

J6 


Inches = 


1 


yard 


V 




inches = 


2 


yards* 


' \ 

\ 


J 


fept = 


1 


yard 




1 


foot = 


/ 
3 


yard* 















'Activity C ' ' ' * 

- . . Draw a number line (0-25) on the chalk beared. Refer to the 
units as representing inches. Draw an X thrd^gb the point 
representing the numeral 1 6. 



0 



16 V \ 25 




4-^ 



HOW MANY FEEt ARE THERE FROM 0*fO'l6? 

Answers to the question may vary (c^ose to one foot, great- 
er than one foot, etc.) Give your answer by pointing c^ut 
.that.one foot would represent a line from 0 to 12, wjith; 
4 inchesl^ema^Bit^^^ I 2 inches + 

4 inches, or I foot + 4 inches. Write this on the chalk 
board. - Repeat the activity with a 2 1 -inch example: 

21 inches - 1 2 i^chesj:-^ inches , or . I foot 9 inches 

Have the children d<^ Worksheet 20 » ^ 



Worksheet 20 
'Uhlt, 1,0; 




Mamo 



Use your /desk number line and a ruler to help answjcr 
the folldwi'ng. , 



I foot •** ^ in 



chcs 



2J inches ^ ' / foot + ^ inches 

8 .inches - 0 foot + S inche* 

inches ~ ^ foot + ^ inches 

inches = ^ foot + * inch 



12 inches = / foot + 0 Inches 



54 



id 

ERIC 
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Lesson 9; ApDIljJG TWO-DIGIT NUMERALS ON THE SLIDE RULE 



The children receive more practice in using the addition ^slide 
tule to solve 



problems on the worksheets which make up this 
lesson. f^w problems deal with ;t he Vddition of units 6± 
weight (pbur ds) to Show that numerals can* be used to repre 
■quantities other than' units of length. 



sent and adc 



MATERIALS 




— number lir e (0-1 00) taped -to the chalk bo^d 



— addition s 



iide rules 



Worksheets 21, 22 and 23 



PROCEDURE 



Let the children work the problems on the .worksheets inde- 
pendently, if fchey can. If they cannot, read the instructions 
to them, and ijiscuss th^. problems carefully so that the 
children will see that addition is needed to solve them/ 

Emphasize again the fact that addition slide rules are merely 

movable number lilies arranged in a very convenient way for / 

finding sums. Demonstrate by having a few children -clre'ck 

the answers obtained on the slide rule by using, the. number 

. line on the chdlk. board. The children should realize that 

when they use pnly one numberiJine they have to add the 

second numeraTto the end of the first by counting, off each 

one; when using the slide rule (two number line^) the sum 

can be^ found much more quickly 
..x^ * T " - ^ - 



' VVorksheot 21 
Unit «6 



Uso your cjddition slidoTruIc*. 

K BUiy weighs 38 pounds, Billy's boots weigh 5 ' 
pounds;. How ro<i1iy pounds x!o Billy and his boats ^ 
woiqh -together? ' * 

33 pounds + pounds. ^ . pounds ' 

2, B<ub<ira w<jntud to measure <3 \7 inch slick with 
hor 12. inch ruler, ^ho found that when she 

• • pKiced iho .uler bc-Sido the stujk, the ruler was 
too *hort. ^ How mon/*inches short wds BtirUirii's 
culor*' - 

!2 inches + S _ inches - 17 inches 

\tike nxetisured a 27 inch stick with a »2 inch 
wler. Ho found, thiit. two lengths of the ruler 
wore too shbrt. *ifow mony fnches short'^ 

; ?2«inchos 4 12 inches + 3 ^ 27 inches 



Use yoOr addition slido rule. 



I . Kathy weighs 47 pour^ds. KatJi-y's winter cbat 
—^weighs 8 f)bu«ids/ How rnuch will Kaihy and her 



« > ^ • 
Worksheet 1% 
Unit 16 



Name 



coat v>aig4;^ tpacttfcr^' 
♦ ^y poynds + ^ 



pou 



pounds 



2. Sanuny wants to show Tor hts ^lectric train. Ife 
has two.tables, ohG*l9Jnchfis long'andonc 

. 1 1 ft»ihes long. *If he push«?s Mie two tables 
tofj ether, how long could the ttain trai;k be? 

^7 ' inches + // jncTies = - V' inches 
I , \ 

3. Sandra bas two chairs. On«c chair is 12 inches 
wi^e. 



The other is- 13 inches wide.^ Ad(^ the 
^widths of Vtfc two,chairs. 



inches + inches inches 
^ , — . ^ J — 



Worksheet 23 
Unit 16 



N'ame^ 



Use your addition slide rule. ' 

# \ 
I. Becky has two pcrjcf Is. One pencil is 5 inches' 

I'onc?.'^. The ofhcr is ^2 finches long. Add the 

lengths of the two pencils. * 

^ irtfhcs t inches ^. . inches 



1 



2. Billy's book is i»icH(is,lor\g. ''Sue's book is 
^ 7 inches long. . Ilew many inches longer ijs Silr s 
book tlwri Billyhs'' , ^ ♦ \ \ 

inches^'V inches » _ZL l"^^^ 



3. Sammy is 7j yearS old. Billy is 9 J .yea ri? old. 
older th^n Sammy is* Billys 



IJow m\jch o 
^^7$ ycari; 



^ yo5>r.s 



This l!2ss'0n is iatended as a review of the use of the abacus; 
but to some children thi3 convenient device for;calculatlng. 
may be unfanaiHar, Jt nine-bead (per columij) abacus shows ' 
the place-value "property .of the decimal system of numera- 
tion. The MINNEMASTc abacus has columns fqr thousands, ■ 
hundreds, -tens and" ones. In this lesson the children use. ^ 
the abacus to find sums^less than 100, so they u'se -only tha' 
two columns representing tehs and pnes* ,A11 parts of the' 
^ lesion may be done .as class work , > 



MMATERIAtS 



- abaci (5 per class provided; -I per child desirable)V 

- Worksheets 24 and 2S 



PROCEDURE 
Activity A U 



Tell the children that .for would like to know if there is .a 
method of adding numerals without writing them or using a 
number line or. slide rule. Discuss this with your class and 
lead one of the children to suggest using an abacus,. If the 
children remember their work with the abacus from first 
0fede, have one of them explain its us^ to^Tor. If the qhil- 
.dren are notiamiliar with the abacus, explain its use as a 
calculating device, .Demonstrate^ how the first column of . 
beads on the right represents the number of ones and the " 
second frc|m the\right represents the hurpber of tens. 



\ 



lOOO's 



100*3 lo^s I's y 



Columns 

Show how the columns -of the abacus have the same place, 
value as the written numerals haVe, Give several exam- 
ples, e.g: |p ■ 

The numeral is represented on an abacus as 



o 


n 


n 


n 














►'I 













6 beads on the 
lO's column 



6 T + 2 



2 beads on the 
I 's column 

62 



69 



/ 



V 



/ 



V 



To avoid confu3ion have the children l/hel the two 
that, they ^will be using in this lesson/f'Have'them 



lumns 

. , ^^P® 

at the base of the abacus and write 1 and T on'tlye tap?., 
as shown in t\ie drawing, 




Make sure the chmdren understand that th^y may use no 
more than nine Wads in any column. The I *s column may 
represent numerai4from 0 to 9, depending on the number 
of beads showing. When 10 is reached; the 9 beads are 
slid to 
the 10' 

2 beads in ti;ie 
I 's column 



the h^^^^jqf the column and replaced by I bead in 
•s co/Iu/niji. When 20 is represented, there are ■ 
lO's column and no beaas showing in the 



Activity B 

Wace in abacuj; where all the children can see it. Illus- 
trates /numeral such as 72 oh the abacus and have one of. 
the children tell what number is repre'sented by the beads. 
Change the numoer of beads and have a child teli what 
num^6ral it represents. Repeat this activity until you think 
the/ children understand the process. 



Activity C 



Write a numeral on Vour chalk board. Have the children 
.record it on their abaci. Check to /make sure the tiorrect 

1 numberjof beads is m each column i Let_the children take 
turns writing numerals on the chalk board and representing 

1 the numerals on their abaci. Ther] have them complete 

jWorksheets 2.4 and 25. \ 

lAfter completing the worksheetS/iif some children want to 
juse their abaci to represent hundredj and thousands, per- 
fiiit them to experiment o\i their qwn time. 



ERIC 
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/ 



Write tho nu'^eroi sho.vn by the beads. 



n 



-5 T'5 ^ 



3? 



no OA 

• ! t : 



ft 



T*s + __onos = ^ 



Worksheet 2S 
Unit. 16 



Name 



Draw on each abacus as many beads. as you need to 
show the nunieraK i 



7 



42 



18 



13 



94 



67 



fi 




60 
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Lgs^on I I : ADDING AND SUBTRACTING WITH THE ABACUS 



This lesson gives the children practice in adding and sub- 
^ tracting two-digit numerals with the abacus. If possible, 
provide each child with an abacus and prepare transparen- 
cies of the worksheets for use on an overhead projector. 
All of the lesson may be condupted\^A^ith class participation, 
if you v/ish. ; . 

\ 

MATERIALS ' \ 

— abaci (I per child, if possible) 

- Worksheets 26, 27, 28 and 2^ 

- . I tr^n >parency of each work-sheet' (optional) 

— overhead projector (optional) 

PROCEDURE 

Activity A , . . 

Review with the children the use of the abacus. Elicit from 
them, or remind them, that the column at the extreme right 
shows the number of ones; the second column from the right 
shows, the number of tens; etc. Emphasize again the place 
value of each column b/ representing numbers on the abacas 
and then in written nulnerals. ' 

Provide each child or group of children with an abacus to 
use. Then project a transparency of Worksheet 26 and 
demonstrate the first problem. (If you have no {Projector, 
use the chalk board.) Carry out the addition on an abacus 
and write the answer on the chalkboard:* 

5 T + 5 = 55 ^ J 

Help the children complete this worksheet, so that they 
can try to do Worksheet 27 independently. Encourage them 
to use the abacus to find the sums. 



Worksheet 26. 
Unit J 6 



Name 



What number is shown on this abacus^ 



ol3 




Add 32 to the abacus by drawing 
3 beads on the ten's column and 
2 beads on the one's column. 



Jhp new number is: 
T + ^ 



\5y 



'What number is shown on this abacus? 



3y 




Add 4 I to the abacus by drav/mg 
4 beads-on the ten's column and 
\ bead on the one's column. 

The new number is: 

7 T 4 ^ ■= 7^ 



What number Is shown on this abacus^ 7^ 

Add »7 to the abacus. 




The new number is: 

s T + 



Worksheet 27 
Unit 16 



Name 



4! + B ^ V9 


16 + 2 /S^ ' 






13 4 4 = /7 


' 4 4 !3 = /7 


36 + 3 = v^f 


3 -^' 36 = a 



42 + 37 = 



6 ? 4< 0 



7f 



21 + 43 = 



37 + 30 = 



67 



Activity B 



Demonstrate the first problem of Worksheet 28. Show the 
children that to subtract, tney need only flip the -correct / 
number of .beads to the back of the abacus. Give examples- 
such as 34 - 2 I . 

HOW CAjNf WE SUBTRACT 2 I i^ROM 34 ON THE ABACUS? 
(We remove I bead fronn the ones column and 2 beads 
from the tens column,) 

Write tli^ answer on the chalk board in numerals: 



34 - 21 = 13 



Have some children do. subtraction problems for the class. 
Ask them to demonstrate^ both with the abacus and by writ- 
ing each problem in numerals on the chalk board. Explain 
that on the worksheets subtraction is done by simply 
crossing out the specified number of beads in each column 
to represent flipping the beads. 



•62 
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\ 



Ask* the children to try to complete Worksheets 28 and 29, 
but^help them if they have difficulties. 



^Worksheet 2h 



Mane. 



What number is shown on this abacas'^ 



-an 




Cross out 3 beads m the one's 
column. Cross ouit 2 beads zn 
th«^. ten's column. 

The new number is: 



What mxmber ^ shown on this abacus' 



onpo 

1 ' ■ 



Crpss out 4 beads in the one's • 
columrr. Cross out 3 bead$Vn 
the ten's column. ^ 

The new numb^ is: ^ 



V/hat number Is shown on this abacus^ 



V7 




Subtract 17. Cross out the 
correct number of beads. 

The new number is: 

^ T 4 O ' = JO 



Worksheet 29 
Unit 16 



Nome 



Subtract. Use your'*abacus. 

8 



16 - 



23 - ' f3 = /O 



94 — 21 = yJ' ' 



68 - 2 = 



17 — 15 = 



48 - 2f = ^7 



53 - 12 ■ = 



37 - 30 = 



86 - 72 = 



9 9 = 



7. 



/V 



63 



74 



Lesson 12: THE NUMERALS THROUGH 9 99^ 



The children's conceptioa of place value is here extended to 
the hundreds. This gives the class some idea of the larger 
quantities that numerals are us^ed to represent. After com- 
- pleting the lesson, the children should have an understand- 
ing of num^rals through 999.. ^ ^ ' 

This lesson follows closely the procedure given in first grade 
in Lesson 39 of Unit I I , Introducing Addition and Subtraction . 
Lesson 39 was an optional lesson. If it was taught to your 
* class, perhaps the children will not ne^d to spend much time 
on the concepts. However, new notation for hundreds is 
used in this unit, e.g: since 100 means 10 tens, T*T is 
used to represent 100; 3T • T stands for 300. (T-Tis.an 
intermediate step towards the exponential notation, T^-J 

If you feed that your class is ready for thousands , you may^ " 
present that notation also. If the class is not ready, you 
may wish to let som^children continue to the thousands. 
The notation for 1000. (10 hundreds) is represented by T-T-fl* 
In T notation, 4752 is: 4T-T-T+ 7T-T+ 5T + 2. 

MATERIALS , . ^ 

— for each child — / 

. - 5 or more paper cups * - 

/ - Worksheets 30 through 3^4' 

for each group of 3 or 4 — 

- pile of counters (various amouhts for each group, put 
more than 200) 

. — 2 or more trays or boxes large enough to hold 10 paper 
\ cups 

PROCEDURE _ . ' • " ' 

Activity A - ' • . 

Divide the class into groups of three or four children. Prp- 
vide each child with five paper cups, and each group with 
a laVvge pile of qour^terg and two trays. Ask the children*t6 
take counters from the group's pile and put ten in each paper 

7o 



cup. When the group lias ten filled cups, one child should 
place them in a tray. Ask the children to tell you how many- 
counters there are ih a tray filled with ten cups each holding 
ten counters (I 00)-. Show them how to write this, in T nota- 
tion as T- T. Provide enough materials so that the groups 
will have three-digit results for problem I of Worksheet 30 
Each group should end up with: ' " 

* 

- at least 2 trays of 10 cups containing 10 counters 
each * • • • - 

- cups of 10 counters insufficient .to filfia tray (0-9)' 

- single counters left over insufficient to fill a 
cup (0-9)' 

With help from the class, demonstrate on the chalk board 
how the children in a group are- to record the number of 
counters^the group has: 

'IFA GJ^OUP HAS 2 TRAYS FULL OF 10 CUPS, 3 CUPS OF 
lO'S, AMD 6 COUNTERS LEFT OVER, HOW WOULD WE " 
FILL THE BOXES IN PROBLEM I OF WORKSHEET 30? 

Write on the chalk board: ' . ' . 



=2 



3 



6 



Then show how the blanks In the sentence under the boxes 
should be filled: \ 

2 hundreds, '3 tens and 6 ones = 2^ 

Have the children do problem I of Worksheet 30.. If answers 
oVary within a group, have the children check and correct 
each other. 

Tor problem 2 of the worksheet, ask two groups to put all 
their trays, cups and odd counters together, and again see 
how many trays of ten filled cups they have, -how many 
extra cups of tens, and how rnany ones are left over.' Using 
all the- counters from two groups, each child should record 
the results, as before. 



Name_ 



Worksheet 30 
Unit 16 

I . Write in the boxes the number of counters your 
group has. 



Number of>trays 




Number of cups 




3 



Number of ones 



2- hundreds + tens ones = _j:^36_ 



2 Combine your counters with those of another group. 
Write the number of^counters m the new set. 




±_ hundrqfis + ^ tens + on°s = 



Next have the children complete Worksheets 31 and 32 by 
looking at the numerals given at the left. If any children 
have difficulty, remind them that T-T stands for 10 tens or 
100 If you wish, have the class' participate afterward in 
assembling the number of counters repiresented on the work- 
sheets. 

conclude the activity by having the children j3o Worksheets 
33 and 34. . • • . 



\ * 
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Worksheet U 

• Ihiu t6 Name 



ni! in the blanks c*rd boxes for Qdch numeral. 



j Number of hundreas - 3_ 

342 N umber of tens = 
' * 

* ^ Number ot ones = 2. 



T'T's T's Ones 



516 



73 



Number of hundreds = ' 0 
Number of tens = / 
Number of ones = h 















T'T's T's Ones 



Nunjber of hundreds = 0 
Number of tens = 7 ' 
Number of ones ■ 



3 



Number oF hundreds = H 



.4.0.7 rlixxTi} ber "o f ten s = 0 



i ^Number of ones = 7 



T'T's T's Ones 



0 



T-T's T's Ones 



0 



Worksheet 32 
Unit 16 



Name, 



'Vill in the blanks and boxes for eaqh numeral. 



794 



32 



347 



8 



Number of hundreds = 7 
Number of tens - . ^ 
Number of ones = ^ 



Number of hundreds = 

Number of tens = 3_ 

Number of ones = 2 



0 



Number t)f hundreds = 3 

Number of tens = 

« 

Number of ones = 



Number of hundreds = _0 
Number of tens = 
d Number of ones^= 



0 



8 



T-T's T's Ones 



T-T's T's Ones 



0 


J 






T'T'S T's Ones 








3 




7 


J'T'^s T's Ones 


0 


■0 





Wori; sheet 33 

Unit 16 Name 



nil in the blanks. 

1 hundreds + 7 tens + 8 ones = 312 ^ 



4 hundreds + 2 tens + A ones = HXH 



5 T'T + 6 T + >'ones 



5^3 



e^T'T +^)T +8 ones = %U 



0 T • T + 3 'j 4 ones , = 

^T»T +3T +8 ones = _ 



-Ml. 



444 



^38 



"Worksheet' 34 

Unit 16 Name 



•nil in-the blanks.' 

hundreds + 4^ tons + • ? 



549 



ones. 



= hundreds + / tens + O ones. 



832 = 



T' T + 



^ T " + 2^ OP 



S92 = , >^ ' T'T + _f_T + ' ^ ones. 
82i = <^ T-T 



+ T . + / 



ones. 



"5^^ = 4 T'T 



^/7= 6 T»T 



+ 6 T + \ 3 



+ t T + 7 



ones. 
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Activity B 



It is desirable for the children to know how to pronounce ' 
three-digit numerals correctly. Remind them noi to use- 
''and"' between hundreds and tens: 

WE SAY "FOUR HUNDRED SIXTY-TWO, " NOT "FOUR 
HUNDRED AND SIXTY-TWO, 

' You may Wish to write a few numerals on the chalk board 
and asK the children to. pronounce them: 

\ 

121 S— 'One hundred twenty~one 

•369 }-^. Three hundred sixty-nine, etc/\ 

' ' . *" 

Activity C " * * , ' , ' , 

Bring up sqme^questions that require' answers with three- 
digit pumerals. Make up questions of. y6ur own or choose 
from t^e following: * " * 

I , How many pages are in this'bobk? 

2, How many words are on this page? 

'3, How many-tiles are on the floor? 

4^? 'How many holes are In the peg board? . . ^ 

5. How lyiany se'cond-s are thare in two minutest . ^ • 

(>•', How many days are in one-year? 

7, How. much do s6me of the acjults you know weigh? 

Some of the answers to the'above questions may be easy 
ior the children to answer (questions I, 6 and 7); others ■ 
< may require counting. , 

If you Wish, you may go on to discuss (Questions that require 
answers with four-digit numerals, but this is entirely option 



al. Suggestions are: 

1 , How many, seconds are there in an hour? (3600 J 

2, How many miles wide is the United States? (This're- 
quifes looking at. a map and its scale, then measuring 
and convertirjg the scale into miles. 



Lesson 13: CQU'NTirJG ;BY TENS ' • • 

Motivation for the' wo'rk "with tens is\provided by Worksheet 35 
Which shows the qutlines of some: -houses, lots and streets 
on a grid where ea;ch unit of length represents ten feet. 
Activity A prepares the children to use the worksheet and to 
count by tens' ti^e lengths of -the,,sides and perimeters of a 
'3w 'houses and lots. \ • • ' ■ ' - 

The lesson -begins with the consideration of a chajk line ten 
feet long, so that the children will understand how much 
length is represent'ed by each side of the small squares on 
the grid. Then the| children learn how directions are shown 
on a map. A transparency of Worksheet 35 would be most 
helpful to the discussion, if you have the equipment to make ■ 
and project one. 

In Activity B, the children complete Worksheet 35. Activity C 
niakes use of-counters to provide-more practice in counting. 
By counting in various ways (by twos, thr§es, fives, tans, 
etc.) the children are led to see that counting by tens is 
more rapid and convenient than the other methods. 

MATERIALS * ' • " • - 



\ 



- foot ruler > 

- Worksheet 35 



/ 



J 



~ transparency of Worksheet 35 (optionaDf 
- abaci '(optional) 
\ - 60 to 100 counters for each group of 5<or 6 children ' 



'PROCEDURE 

/ \ - 

\ 

Actiyity A 



\ 
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Draw a line ten feet long on the chalk board at.a height the 
children can easily reach, or draw It on the floor. Have. .a 
few children measure the ijine with a foot ruler to determine 
that its length is ten feet. , Now have the children turn to , 
Worksheet 35 and .explain jto them that 'each side of the small 
square at the bottom of th^ worksheet represents (s°tands for) 
a length of ten feet. In a discussion, Elicit that the ten-foot 



SO 



6,9 



line on the chalk board would be v^ery.ditficult t9 use as a 
length qn a worksheet, and therafore, maps use shorter units 
'toJrepre'sent longer ones . ^ Mak^' sure thai "the children under- 
stand thai each small sectiop^^ the grid stands for a length 
of ten feetr ^ . / , • > . 

Nextjask the children to look^at the compass 'dissections at 
the lower right ^pf Worksheet 35. . Hold a dis.cussion about 
the way they are represented on a map and &ee whether the 
cHUdren can tell you where north, south, cast and west are 
on th^ paper,. T^hen have the children wri.te**''N*' or "North" 
at the top of the worksheet, . "S'* or ^'South" at" the bottom, , ' 

or "West** at tl:ie left and 'lE^ or "EastJ' at the/lgbjt*. ^ - 
Explain that these directions -will be handy' when ybu^ask ' 
them lo count off the mumber of *feet in the south side of ^ 
house; etc\ (If you wish to spend, some time.jiere having ^ 
the children learn the^actual directions, you may do so, but ^ 
unless the children are facing north at their destes — this 
. might^take some time. For -the purposes of this lesso'n if is # 
only necessary that the children recognize how directions 
are usually indicated on. a map. ) \ 

Explain that on the-wofksheet the regions'with narr^es printed 
in them will be, called houses. Eadh house region jis included 
•in a larger region whiph will.be called the house lot, .That 
part of.the lot which surrounds each house is s^ac^'ed, so'thai 
the children can'^11 where the lot ends and thp jstreet or ' 
another lot begins. When two lots join,- Small vyWite spaces 
show where^eac'h lot, .ends and another starts, i, [ . ^' 

Have the children find Ash Street on- their maps. ' Ask them ' 
. to Start at- the west en,^of Ash Street, calling thc^'t pointy 

zero, then count by tens\^s^they would on a number, line, 
* Remind them that in thi's ccis'e each mark on the line rqpye- ^ 

sents ten feet, so they should count along Ash ^xreet by tens: 

zero, ten, twenty, ^thirty, forty, fift^ and sixty.^eet, M 

Now "ask the children to look at Jane's house; ^nd ask how . 
long each side of that housQ is; .(Thirti^ feet,')' ^Next ask 
what the perimeter — distance around.-- Jane/s house is. 
The children may count .by tens arounid the .house-to reejch " * 
I 20 feet for;the length of the perimeter, or they may calcu- 
late 30^*30 + 30+ 30 qn their fingers, or w;th an abacus,, 
or with stacks of counters each containing \'0 counter;?. 



♦ ^ 



. Worksheet 35 ' . ■* . 
. VriiJt 'ie Name ; 
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Next havd the children find the length of the north jside of 
Jane's loti (60 ft J, Then ask them to find something on the . 
map to m(^asure that would be the.^ame in. len'gth as the north 
side of Jcjne's lot. (Ash Street or. the south side o^ Mike's 
lot, for elkampje J . - * 1 . ^ 

Continue! with the following: ^ 1 

WHAT IS THE MEASUREMENT OF JliE EAST SIDE pF 
JANE'S LOT? (Fifty feet J • ' /\ 

WHAT OTHER LENGTH IS THE SAME AS THAT OF THE 
EASi SIDE OF JAIME'S LOT? - (The north side or the south ^ 
side of Kathy's house, for example.) \ * 

' Ask che same kind of aue.,v ons when you discuss Kathy's, 
Tom's and Robert's houses at •' lots. You need not discuss - 
ail the regtangular houses and lots if the children understand 
the procedure/ When you think they do, direct their atten- 
tion loNBili*s house and lot. 

WHAT IS DIFFERENT ABOUT BILL'S' HOlTSE? (it is not 
' rectangular. ) 

" ' hpW CAN WE ME/\SURE THE SOUTH SIDE OF IT? 

Lead the children to- measure both lines on the south side and 
add them. Then ask them to measure the north side. 

WHAT DO YOU NOTICE ABOUT THE NORTH AND SOUTH 
MEASUREMENTS QF.BILL'S HOUSE? (The sum of the 
lengths of the two parts of the south side equals the 
length of the north sic^j.) 

Repeat the procedure- for the. east and[ west siie of Bill's house 
if it is necessary to insure understanding. 

Ask the children to measuie Bill's lot, then have them measure 
Mary's and Peter's houses and lots. Guide those who need 
help when they tiy to measure Peter's, Mike's and Maryls lots 



83 



Activity B 




Beforp proceeding with more v^or^ on the map, ask the cIqss 
to thi*nk about and discuss whether it is important to le^m to 
make peasurements. and when tKey would need to use this 
.skill. 



Nov/ ask the children to find thej two parts; of Maple Street 
that ruiii in a north-south directibn/ Tell tnem to start at the 
south e\^d of each part of Maple Street andWite in the 
numeral^s at every point that repjiesents ten vmqre feet, so that 
they will have two separate tenHcounting ch^rtSvWhen they 
finish. iSbme numerals have be'en filled in to Help them. 
Remind the children to start at ^ero ar\d,write\tHat first. 



Wb^en the class finishes the worksheet, corre papers 



in a general discussion. 



Activity C • . . | ' 

This activity gives more prac^iiice in {Counting byltens. 
Divide your class into groups of five or six children and give 
each gtoup a*pile of counters (60 to IOC or so). lEach child\ 
individlually counts the numbjer of counters in hjs| group's 
pile, and secretly .records tHe number on a slip of paper. 
(Encourage the children to think of various ways to arrange 
the co'unlors — in stacks or j sets of twos/ threes] fours, 
fives, tens, etc. The object here is to see whether the chil- 
dren will discover that counting by tens is more rapid and 
convenient.) After each child has secretly recorded his 
answer, 'he may push the co^unters into^any arrangement he 
wishes .for the next player. ' No child should tell what his* 
count is until all have had a turn. Then, members of a group 



74 



ERIC 



should compart and correct their answers. 



Conclude the 
ous ways of ( 
threes, fives 



activity by asking the children to con|pare vari 
ous ways of qounting a certain number (e*q. , 84) by twos. 



tens, etc. This will emphasize the method 
that is quickest and easiest (tens), if the children jiaven't 
already discovered it. Tor example: f 

84 counters 

5, 10, 15, 20, 25, 30, 35, 40. ..80, 81, 82, 83^ 8i4 

vs. 

10, 20, 30, 40. ..80, 81, 82, 83, 84- ^ 

84' 



Lesson 14: TOR'S NUMBER SYSTEM BASE FOUR* 



This lesson is intended only to help the children achieve a 
better understanding of place value. It is not intended that 
they should master the concepts and ideas orthe base-four 
numeration system. The purpose of having the children work 
with the base^four system, in which they group by fours, is, 
to have them comprehend the place-value concept more easily 
as it applies to the^'decimal system, in which, they group by' 
tens, 

MATERIALS 

- picture of Tor on display 

- flannel board 

- counters for flannel board 
^ Minnebars 

- Worksheets -36 and 37 

PROCEDURE 
Activity A 

Ask the children to look at the picture of Tor. Ask whether 
the children think that the reason we count by tens is 'that 
we have ten fingers. Then see if the children can suggest 
what kind of a base for counting (hov; many numerals) Tor 
and his friends on Titan might use. 

Say that Tor noticed that we write a T for ten, that we have 
ten fingers on our hands, .and that we call our number system 
a base-ten numeration system, whereas on Titan, he and his 
friends each have a total of only four firrgers (2 thumbs + 
2 fingers = 4 fingers), so they use a base-four system. Say 
that Tor thinks his new friends on Earth would understand his 
number system best if they tried to use it a little, 'and he has 
, suggested some ways for them to do so* 



o 



The photograph shows a child arranging objects on a 
buiretin boarcU Her ^e^s r;Opresent the place values 
used in base 4,- 
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Place 13 courvters on, the flannel board. Have a child sepa- 
rate the counters into groups or sets of four. (There will be 
one left o.ver".) . / 

0 0 0 0 ^00 

0 0 0 0 ^ 0 o'- ° ' 

HOW MANY GROUPS OF FOUR" ARE THERE? (3.) 



/ 



HOW MANY ONES ARE LEFT OVER? (I .) 

Tor says, "There are three 4*s and one I , In base four I 
would write this number as 31 (pronounced three-one ) , I 
would use the letter F to represent the fours place and - 
write the expanded numeral as 3; F + I . " • ' 

Write "3 P + I = ,3 i (base four)" on the chalk board. 

Explain to the children that Tor uses completely different 
.symbols on Titan to write his base-four numerals / but that 
you are using the base-ten. symbols to write the base-four 
numerals, because the children already know these numerals. 

Tell the children that Tor mentioned that in our base-ten sys- 
tem we use the numerals 0., 1,2,3, 4, 5, 6, 7, 8, and 9. 
He wants them to think about how many numerals they 
should use in base four and to say what they are. (0, I , 
2, and 3.) ' • 

YES, TOR SAYS THAT SINCE HE HAS ONLY FOUR FINGERS 
ALTOGETHER, HE NEEDS ^TO USE ONLY FOUJ NUMERALS 
IN HIS BASE-FOUR SYSTEM, THE IvyjMERAimARE 0, I, 
2, AND 3. • ^ ^ ^ 

Suggest that Tor would like the children .to repeat the exam- 
ple, this time with I I counters on the flannel board, and 
then with 5. Have the cnildren group _the I I counters into' 
2 F + 3 , and the 5 counters into I F + I . 

Show the steps and notatipn for each example: 

* 

I I =• 2 F ^ 3 = 23 • . 

5 r I F + "l = I I 
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You can also explairi'lche'^iqe-four system to the children 
with this analogy: ,• ''' . 

WHWlTE'WpRFwiTH, O^UARTS.. OF WATER, WE COUNT ■ 
0 QUARTS, l' QUART, ^QUARTS, 3, QUARTS; BUT WFIEN 
WE GET TO FOUR QU^^RTS WE REMEMBER THAT 4 
QUARTS EQUAL UGALLON. THEREFORE, INSTEAD OF . 
SAYING 4 QUARTS, /WE CAN SAY 1 GALLON. 



Give this example:/ 

7 

7 quarts = 4 ^quarts + 3 quarts = 1 gallon + 3 quarts 

■ ' 

Conolude the afctivity .by leaving the children dp Worksheets 



36 afnd 37, 



./ 
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Worksheet" 36 
Unit !6 



J. 



Draw a cloSoxJ curvo/around edch/set of 4. Write the 
number ol fours (F'S) and the nuftber of<onos left over. 
Write the name in pusc 1 with r{umorals. 



J 



■Z 



F's" 



(bci 



se four) 



2. /X X\ X 



/ PS. / 



■ (base four) 



3.. 



- Xx 

- X 

0 r-sV' ^ 



3 



(base four) 




^ f's + 3 5nes ^ ^33 (base four) 



V/ork-snoet 37 
Unit *6 



Name 



Record the niimber of fours (F's) in the base-four 
nunf'ertjls below. Record the number of ones. Then 
write the number in the place-value chaft. 



Bc^se four 

33- 



'B<iso four 

21 



Bti-so f6ur 

32" 



8asf* four 

10 



Nur^er of fours (F's) 2. 
Number of ones _3 



^JumbGrof fouts (F'^J ' ^ 
Number of ones - / 



F'S oues 



l<2 



F's ones 



/ 



\ F's oaos 



\^umber of fours (F's) d ' 

f 

Number of 'ones ! 



3 



F'S ones 



Number of fours (I '<>) 



/ I 



Number of ones 




Activity B 




Divide the class info pairs of children .and give each pair 
nine to fifteejnJjr^FuLt K4innebars arid\hree 4 -unit Minnebars. 
Ask the children ho|v many I -unit bars are equal to one 
4 -unit bar -(4) . J' ' ^ \ 



Say that Tor has thought of a game the<children can play with 
the Miirnebars. Child A of each pair should start out vath 
any number of I -unit bars he chooses, but the rtumber must 
hp /between nine and fifteen. Qiyld B" should start\out with . 
ail three. of the 4-unit bars. Nov^ Child A should exchange 
asmany sets of four Irunit bars as he can for 4-unit\bars. 
When Child.A.has no more sets of four I -unit bars to exchange, 
he should write down the/number of -4-unit bars and the number 
of I -unit bars he has. That record should describe what h'e 
has in base four. - - 



Have two children demonstrate the game. Give Child A 
thirteen l -unit.bars to. start with and Child B threes-unit 
bars. When A is through exchanging sets of fours with B, 
he should have three 4-unit bars and one I -unit bar. He 
should write down 3 I . Child B should check A's base^four 
numeral-to se.e that it is correct. Show the process and the 
'notation on the chalk board: ' - * 



Minneb^rs 



□□□□ □□□□ . □□□□ 



3 F 




Now have all- the pairs of children,play the game. Tell the 
class that the children should reverse their roles after they 
have written down the result of a game and it has been 
checked by the other partner. Move about the room to give 
assistance where needed. Remind the childreh to write 
down their results in base 4. See that the children change 
the number of I -unit Jvlinnebars for each game, but always 
keep it withia the limit of 9 to 15 bars. * 
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Activity C (Optional) 

^ To show the children the number of objfects represented by 
the numeral 21 in base ten«-and'by the same numeral in base 
four, use counters, or draw on the challc board: 

Set A, 21 (base- 10) Set B. 21 (base 4) 

* 0 O' 0 ' J 0 0 0 

• 0 0 0 0 

■ 0 0 0 0 

0 0 • 0 0 

' . ' 0 0- 

0 0 ■ * .• • 

0 0 • . ■ . • 

0 0 

0 0 ■ . • • ■ 

0 0' . ':■ • 

WHICH SET HAS THE GREATEST NUMBER OF MEMBERS? 
' '(Set a; base 10.) . ' . ■ 

s 

WHICH NUMERAL 21 — BASE FOUR OR. BASE -TEN — 
STANDS FOR THE GREATER NUMBER? (21, base 10.) 

•> « 

Repeat the procedure with comparisons of I (base 4) and 
13 (base 10); 2 (base 4) and 2 ^base 10); 12 (base 4) and 
12 (base 10); 12 (base 4) and 6 (base 10); etc. (The last, 
comparison will show the same number of objects — 6 — 
■ in each base.) - ■ " . 
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Lesson 15: TOR'S BAS E-FOUR NUMBER LINE 

r- 5 

This lesson compares base-four numeration with base-ten 
numeration by means of a number Ijjjie. It also provides ad- 
ditional practice in writing base-four numerals . 

Iv/IAT«ERIALS . 

- . Worksheets 38 and 39 
PROCEDURE . 

Activity A . . . ^ 

Draw a number line on the chalk board, v/ith the numerals 0 
through 15 labeled in the familiaY (base 10) manner. 

« / ^ 
< > ' ' • 1 1 1 1 H- — I— H 1 1 1 fp^-H > 

0- I 2 3' 4 5 6 ^7 8 9 'lO I I l2 13 ./4^^ 

Remind the children that in our decimal" system of numeration, 
when we come to'the numeral ten, v/e run out of basic numer- 
als (digits) and use a combination of. I and 0 (I T + 0 = 10). 
The position or place of a digit tells its value. If it is at the 
extreme right, the'position tell^ the number of ones. If it is 
second from the right, it tells the number of tens. 

Now t^U the children that they are going to help you label the 
number lin^ in Tor's system, remembering that Tor can use only 
four.riigits (or basic symbols): 0, 1,2 / and 3. Label fhe first 
four corresppnding points above the number line. Point out 
that v/hen Ti^'gets to the ppint corresponding to our numeral 
for four, he has already run out of basic symbols and must use 
a combination of two symbols, nam'ely I' and 0"or 10 (I F + 0). 
Label 1 0 'above our point four, .Say that the one represents the 
number of fours, and the zero the number of ones. Then ask: 

' HOW SHOULD WE L^BEL THE .NEXT POINT IN TOR'S BASE- 
FOUR SYSTEM ~ THE POINT THAT CORRESPONDS TO OUR 
NUMERAL FOR FIVE? .(I F + I or I I . )." 
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Write ia I I abov^ the 5 on the number line-. Continue this 



process for: " ■ '*'•*„ • 




6 = 1 F +'2, or 12 


1 1 = 2 F + 3 , or 23. 


7 = 1 F + 3 , or Jl. 


I2 = 3F+O,ora0 - 


' 8 = 2 F + 0 , or ig 


'1 3 = 3 F + 1 , or 31 


9 =,2 F,+ 1 , or 11. 


14 =. 3 F + 2 , or 12 


1 0 = 2 F + 2.,. or 22 ' 


15 = 3 F + 3, or 33 


* 

The chalk board number line should now show the number line 



in base four. and base ten, like this 
Base 4 
Base 10 



0 I n2 3 10 I I 12 13 20 21 22 23 3^0 31 32 33 

— I — I — I — h^-i — i — I ! H — I i — I — I — 

0 1.2 3 4*5' 6 7 8 9I0MI2I3I4I5 



Worksheets 38 and 39 provide practice io. writing Mse-foUr 
numerals. For Worksheet 38 , remjlnd the chil(5ren .that they 
can aJLways check (or figure out) their answers by finding 
out how many fours and how many ones are in the base-ten 
numerals given below the, number line. > 

For Worksheet 39, remind the children that they can use ^ 
Worksheet 38 for reference. The children should enjoy 
noticing that: - , . 

4 = 10, \n base four ' 
8 = 2lD, in base four 
12 = 30, in b^sefour, etc; 

If the children seem to have much difficulty; use the work- 
sheets as class, activ^ities. I^ut no importance at all on their 
memorizing or -mastering the base-four system. 

If your class is exceptionally bright, y^ou might'like to end the 
'lesson by holding a discussion about other possible bases. 
Some children may know base two^ where only zero and one 



are used^ Borne others, may like^to speculate ^abbut what kind 
of a base Tor would have used if he had had-sM or eight fingers. 



etc. 



Laool tho number Imes beIo^^ with Tcr'^ numoMls. 
VVnt#^ the base \ numerals above the number lines, 
nanbors bolow the hnos jre ba^jo 10. 



0 



4 



3 



2 3 

y 



10 II 12 



— ♦ — 



13 



JIG 

8 



Worksheet 39 ' 
Unit 16 Name 



Use Worksheet '38 ♦o heJp you fill in Tor's counting 
numbers in the chart be!ow. Write only numerals 
that.are base (our (Tor's base). 



0 


■ 


1 . 


. .3 ■ 


10 




■IX 

1 




20 


J.! 


22 


15 


30- 


3! 


' 32.: 


33 
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This 'lesson gives the ghildren practice in using the base-four 
abacjis. It helps reinfprce the idea' of place valu^. The - 
columns of MINNEMAST abaci are r^.movable, so that many 
different 'basics can be represented qn it; but forjme purposes- 
of this lesson remove .all but three . beads from each column, 

MATERIALS • ^- i , j 

- abaci (wi^h. number of beads reduped jo 3 per column) 
rr Worksheets 40 and 4J 

PROCEDURE ' / ■ * . , ' ' ' 

Activity A ' ■ ^ - • ' 

Remove all but three beads from each ring- (colMmn)*on the 
abaci. Mention^ to the class that Tor says this type. of abacus 
can be used to v^^ork.with his bas^e-four number system. 



CAN ANYONE TELL WHAf THE BEADS OK x'Hi; FIRS^T . 
COLUMN ON TkE RIGHT OF THE ABACUS STAND FOR? 
. (The number of ones. )/ • ' ■ • 

WHAT DO THE BeW' ON THE SECOND COLUMN STAND 
■FOR? (The numbe> of fours.) » 

You may also wish to ksk-: ^ ^ ^ t 

WHAT DO THE BEAD^ ON THE THIRD COLUMN 'frOM THJ^' 
RIGHT REPRESENT? (The number of\siXteens.) 

. THE BEADS 0>I_THE FOURTH COLUMN FROM THE RIGHT? 
' (The number of sixty-fot|rs J , • . ' 



Label your abacus and have\the children label theirs with a I 
at the extreme right and an F\for the .next column. 



a 



n 




Show two beads- on the fours column and three beads on the 
ones column. Write on the chalk -board:* \ . > * 



2 F + 



23 

(base' four) 



A It er]^ the 'number of beads and, ask the children lo, write serf-- 
tences using this notation td describe the basekfbur numeral 
shoyn on -the aba^'S. CoatiinuQ by. writing several base-four 
nurher^l^' oTn the^alk board jand ask the childrel;!^ each to 
record these nurfrerals on* the' ^acus. 



When the -children have had this practice, ask them to com^,: 
piete Worksheets 40 and 41 . Keep in mind that the child^-^ 
arefworking ^entirely in base four here ~~ they are Lnoi coh^' \ 
verting ba^k^to base ten. Therefore, although 3 ]• + 3 (for 
example) might look as though the answer should be written 
15, it should not, because in base Eour the secpnd column / 
ref6|rs to the number of fours, which! is 3, and'thd first col-* . 
.umr refers to the number of ones, which in this case is* also 
3. If the worksheets prove too diffibult for indepe'ndent work, 
have the children do them as class activities. 



Worksheei AO 



Write the bose four nuwieral shawn by the beads on 
oach.abacus . 



k.f + ■ ones = £i 



I 



(B<ise 



5 pj- 0 - 



• 



•(Baso -I) 



Worksheet 41 

Unit 10 ' Namp 



Draw on the abacus the beads ycu need to show the 
baso 4 numeral. 



33 



Ba 4 C 



10 

Base* C! 



3 

Base -1 



rPApPj 

t 

■ I 



21 

Base 4 



3© J 



PB ■ 



1 1 

it 



.23 

Bas&4 
/• 
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Lesson U: RELATIO^ BETWEEN STRUCTURE AND FUNCTION OF TEETH 



In this lesson t|ie children study. their teeth and see how the 
different s*hapes\^are relate^.to different functions. Experi- 
ments are perforri^ed using models "to represent different kinds 
of teeth. The chi^|dr6n then go on to review the -other parts 
of their own eating system. 

iyl'ATERIALS ; . 

— for the class — . 

. — table kn if e-or ruler 

* 

fist 'stone or block of wood* 

— Plasticene 

^ * — for each child. — 

— pieces of apple, banana, or a few nut meats 

— mirror v , ^» ^ 

Activity A * 

Give the children mirrors and have them- once again observe 
their teeth. Review the differences in shape between the 
biting teeth and the chewing teeth. 

SUPPOSE YOUR FRONT TEETH WERE BROAD AND FLAT 
INSTEAD OF HAVING THIN EDGES. WOULD THEY BE 
BETTER FOR BITING OFF PIECES OF FOOD? HOW CAN 
WE FIND OUT? ' * . 

At this point we introduce the idea of experimenting with a 
model. We use a stone and a knife to represent two types of 
teeth, to see how the feeth are adapted to do th^ir special job. 

IS THERE SOMETHING THAT HAS A THIN EDGE AND SOME- 
THING ELSE THAT IS BROAD AND FLAT THAT WE CAN USE 
FOR EXPERIMENTING TO SEE WHICH CUTS BETTER? ^ 

Yo,u .should be prepared with materials that children might 
suggest as models, such as a table knife and a flat stone, 
or a ruler and a block of wood, 
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WHICH .OF THESE IS MORE LIKE OUR FRONT TEETH? (The 
knife.) . 

IN WHAT WAY IS IT LIKE -THE .TEETH? (It has a thiif, sharp 
edge.) 

•TOUCH YOUIt FRONT TEETH TO FEEL THE EDGE'. 

Show" the children two pieces of Plasticene of the same size, 
with which they .can. experiment to see which shape is better 
for,cutting. Have one child cut the Plasticene witlj the knife 
,-and the other with the stone. The one who finishes first 
should hold up his two pieces . This will dramatize the dif-' 

■ feremce in efficiency of the two shapes . ' 

WHICH SHAPE IS, BETTER FOR A BITING TOOTH? (The 
thin edge.) 

■ Have the children use their mln-ors to look at their biting ' 
teeth and see how murch the edges resemble the edge of the 

• knife. 

YOUR FRONT TEETH BITE. WHAT HAVE YOU SEEN YOUR 
BACK TEETH DO"? (They squash and grind the food. ) ■ 

ARE YOUR BACK TEETH MORE LIKE THE KNIFE IN SHAPE 
, OR MORE LIKE THE .STONE? (Like the stone.) . 

, HOW CAN WE FIND OUT WHICH SHAPE IS BETTER FOR 
SQUASHING ANf) GRINDmG-A KNIFE -OR A STONE? (Try 
them. and see!)" ' ■ . . 

Have one child use the edge of the knife and another the stone 
ton pieces of apple, banana or nuts and' show the results to 
the class. ' < 

The following question is especially important because it 
draws attention to the relation'between the structure and 
function of an organ. 

NOW WHO CAN TELL US HOW THE SHAPE OF TEETH 
HEtPS THEM DO THEIR JOB BETTER.? (Biting teeth are 
thm, which makes thenn better .for cutting-. • Grinding 
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teeth are flat, which makes them better for grinding and 
squashlng-foodj * > ^ ■ 

Activity B, 

* 

NOW TELL US WHAT OTHER PARTS OP'YOUR BODY BESIDES 
YOUR TEETH YOU USE WHEN YOU EAT . (Lips , tongue . 
Children may also recall using their arms , fingers, finger- 
nails, etc.) 

Distribute another pi6ce**of apple to each of the children so 
that they can investigate the part the- tong.iie piays in eating. 
Ask them to wait until you give them the signal to put their 
pieces of apple into their mouths. Then they are to take a 
^ , bite and start chewing , but 'they arp not to move their tongues 
while they chew. After an interval call '^Freeze." Tell them 
that when you say "Melt, " they may use their tongues while 
chewing, to see what difference the use of the tongue makes 
in eating. When they have finished eating, continue the 
discussion. 

WHAT JOB DOES THE TONGUE DO WHEN WE EAT? (It 
pushes food onto the chewing teeth and then it pushes , 
food to the back of the mouth so that v/e can swallow it.) 

Have the children use their mirrors again to observe how the 
tongue moves. * 

WHAT I'ROPERTY, DOES -THE TONGUE HAVE THAT ENABLES 
IT TO DO ITS WORK? (It bends easily in many directions .) 

WHAT DO YOUR LIPS DO TO HELP YOU EAT? (They keep 
vhe food from falling out of your mouth while you chew.) 

WHAT PARTS OF YOUR BODY DID YOU DISCOVER TO BE IN 
YOUR SYSTEM FOR "EATING? (Arms, hands, fingers, fin- 
gernails, biting toeth, chewing teeth, tongue, lips.) 

' Provide an opportunity for children to incinde other parts of 
the body in the eating system. Each child who does so should 
be asJced to explain what function the part has. For example, 
someone might mention the eyes because they see the food, 
or the throat which is involved in swallowing. 
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Lessoa 15: THE STORY OF PIMTA 

\ . In drliving organism it is obviously not possible for- the chil-. . 

' V dren to test the necessity of different components of a system 

^ by removi^ them one at a. time and observing whether the ' 
system still functions. To help them visualize the role of an 
individual part, the foUowing story describes the (difficulties 
a cat had when it lost the use of its tongue through an injury.. 
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Pinta was a lovable, fat, little kitt^en when Frank got her for a 
birthday present. She had bright green eyes that were big and round. 
Her fur was jet black, except for her four snow-white feet and two 
.white patches — on^over her left eye an^ one at the tip of her fuzzy 
tail. -Frai^ thought she was the prettiest kitten in the world. ^ 

Pinta was very playful.: She especially. loved to play "catch 
the mouse" with Frank. She might be curled up- and purring, or wash- 
ing her face with one white paw, or licking her soft, round belly to 
keep it c4ean, but whenever Frank said, "Catch the Jiiouse, Pinta," 
she Would stop whatever .she was doing. 
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, Frank woi drag a string, with a p.fece of paper tiid to the end 
, across ihe floor in front of her. ' Pinta-'s muscles woul^ bun.ch up as 
she got ready to pounce at the paper. She would crouch low on the 
ground -and the white tip of her tail would twitch slowly. Her lound 
green eyes "Would get narrowband fierce. She Would sneak slowly. 

- along, followyig the paper Frank was pulling. Thei; suddenly she. 
would spring, catch the paper with sharp claws, bite it with her 
pointed teeth and. roll over. and ov.er on the floor, ^ After pretending 

-to eat the Vmouse," she/voum wash herself with 'her iong*, pink 

. tongue, as she always did after eating- real food. 
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So that is what" Frank did. fi-fe and the medicine dropper wer^ 
very important parts pf Pinta's eating system for the next -week. ■ 
PiDta did not like being held on her back -and fed with the drop- 
per/ Poor Pinta! Even though she did not hBve.to move her- burnt 
tongue to lap the milk, it still hurt her to swallow. For a few days, 
eating- very difficult. _ ^ . 

."■ Pinta had another difficulty too. .She could not use her- tongue 
to wash herself, anci she began to look very shabby. She 6puW not 
keep her coat glossy and clean without' her tongue; She-was-hot at 
all a happy kitten after her accident. ^ ' _ 
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There was a game that Pinta often played when there was.no^^one 
to stop her. It was like chasing the string, but it was very dangerous.. 
Near Frank's bed a: srrfall lamp wa^ connected to an electrical outlet. 
The lamp's ele^fctric cord hung down in | loop, just like the loop of 
string in the ''catch the'^mous'e" game. Pinta would tap the Qord with 
one white paw, to make it swing , and then ^he would pounce on the. ^ 
swinging electr\c cord and bite it. ''.^ , - ' 

'One day an\awful thing ha'ppe^fed .* Pinta pounced on the wire 
and bit right thro-ug>i the covering. .And everyone knows how dangev^^ 
pus an electric cord is when tfie cgyering a?, gone. - PiQta let^t a 
terrible vowl! "^^^ - c .* 

Frank came running when he heard Pin^a. Frank's motherland ^ 

father came running ; too. 'His father quickly pulled th.e plug out 

of the electrieal outlet:* When the electricity was disconnected they 

could pick'Pirita up/ They knew how .badly Pinta must have burned 

her tongue. They called .the veterinarian to"t?5lMiim.what had happened 

/SPinta Has burned her tonguo/* Friink told the veterinarian. "How 

.will she eab now? She needs her tdngue to lap up her milk". " ^ . . 
• * * 

"You v/ill have to try to feed- Tier with.^'^Siedicine dropper/' 
the vctefinarian'sai-d: 




So that is what" Frank did. fre and the medicine dropper were . 
very important parts pf Pirita's eating system for the next -week.. • 
Pinta did not like being held on her back -and fed with the drop- 
per." Poor Pinta! Even tbough she did not have, to move her burnt 
■tongue to l.ap the milk, it still hurt her to swallow. For a faw days, 
eating- w^s very difficult. ^ • . 

,"" Pinta had another difficulty too. .She could not use her, tongue 
to wash herself, and she began to look very shabby. She 6puld not 
keep h,er coat glossy and clean without her tongue; She-wa^not at 
all a happy kitten after her agcident. ^ ' , ' . 



But one day when-Frank was feeding her, she pushed away 
the medicine dropper and struggled. out of his arms. She walked 
oyer to the .glass of milk from which Frank had "been filling the drop- 

S. She poked her small black nose into the glass.' Carefully 
and slowly, her pink tongue came out, reaching down toward the' 
milk. Lap. The tongue disappeared into her mouth. Lap-lap. 
Then Pinta was lapping the milk as fast as she-'could. Her tongue 
was yj^W; she could use" her own system for eating again! She- 
was so hungry.that &he ate for a long, time without stopping. 

Pinta keeps away from electric wires now. She knows how ' 
dangerou.s t'lyeiTcan be /'and 'so, does Frank ." And F;rank knows how- • 
important a tongue' is -for a cat. 
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In the course of the discussion following the story, false 
these que'stions: * . v - * - " 

piinJta's tongue was part of her eating system, 

WHAT were some OTHER PARfS" OF THAT SYSTE'M? (Lips/ 
teeth. Sdme child may correctly .say th^t Frank and the 
medicine 'dropper were part of the system: alter her injury. 
The children might also note that the parts of her body that 
,.she u^sed to play "catch the mouse'* were also components of 
her eatritg'^system:') * ' . 

WHAT ELSE DID PINTA USE HER TONGUE FOR, BESIDES 
•EATING? (Fbr,washing herself.) 

' WHAT. WOULD HAPPEN TO A SQUIRREL IF HE LOST THEV 
USE OF HIS TEETH? EXPLAIN WHY. (He. would die, be- 
cause the teeth play an indispensaBle role\in his eating. 
He must be able to crack nuts., gn^w through twigs, etc.) 



' ■ X ■ ; . . . - ' . ■ • . • 

' " Lesson 16: INVESTIGATING EATING SYSTEMS OF OTHER ANIMALS 

* . . ' \ ^ , ' ^ . ' 

'\ / In the first part of this lesson, skulls of several qnimals will 

be studied. _A. set^^ of skulls, may be borrowed from. your lo.cal- 
museuni. You will want skulls of an ahlmal'.that dats only 
plants (e.g., cow,^deer)^ of one f hat eats chiefly flesh (e.g.^ 
« . bobcat, fox, Uog); and of one that has large gnawing tfeeth 

' . ^ /(e.g., beaver", , squirrel) . In. case it proves impossible to ob- 

^ tain the skulls we provide some photographs,' But^-wdrk with 
the photographs cannot'compare with the actual-'fexperience^'of 
seeing and feeling the real teeth, so every effort should be 
' made lo get the^'ikuUs for this lesson\ 

After the childrenr.have- studied. the\differences in skull, and 
' . ^ ^ teeth structures they are shown thWfilm, Animals — Ways 

S * ^ ' ' They Eat . In this the children can. ^^ctually see an animai*s 

system at^work as far as is possible in a^film. 

- In the last-activity in this lesson, the children summarize 
their-experiences with/eating systems by studying drawi 
^ / " ^ of several ahimals and coloring thc^se-p^rts of the-bodies 

' ^ that they consider to be components -of the animals* eating 

J ' systems. - " ' ' - . \' 

' - "MATERIALS -» " . ~ ' - 

• " ' , for the class — 

- skulls as describe^ abovd, or photos of skulls 

- a chisel ' 
. - a p^iece of soft-wood, such as pine 

' ' < - Animals Ways Thev Eat , Encyclopedia Britannica 

. ' / \ ... 'Films\ -16 mm^, sound , M I min. ^ . ' < 

' — for each child — » ^* 

• ' ^ . ' « V. - . mirror . " ^ * " . * ^ 

5 - .photograph's of skulls (in Stucient Manual) 

" - drawings of animals (in Student^M.anual^ 
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Activity A 

SUPPOSE YOlJ HAD TO BITE THE BARK OFF A TREE OR . 
CHEW THROUGH A LOG. WHAT KIND OF' FRONT TEETH 
WOULD YOU N€ED? (Large, strong, shaYp teeth.) - *' 

_ ^ • WHIGH- ANIMAL BITES BARK OFF TREES AND OFTEN CSEWS. 
^ --^I^HROUGH THICK BRANCHES? (The beaverj ' ^ \ ' 

DOES^Se^AVBR-JJAVE FRONT TEETH THAT ARE LARGE,' ^ 
STRONG AND SHARP?^(Ye^^.4.^_^^^ , 

In the discus.sion following ^hU question / le^a^d-cbildfen to 
* .distinguish between somethiig ley "themselves have aotuaUy 
seen and what they h'ave pnl^ le »d about, heard about, or 
inferred. Most. childrefTwill answeK'Yes" to the question.^ 
Your response to thi*s should be^such questions as "How do 
you know? ^lo^^^closejA^exa^^oJU-^^ — 
his teeth? oSuiDpQse someone, wanted to see and feel the teeth 
of a beaver... Ho.w could -he do it^without danger of being 
'bitten?-" Explain that when a i^eaver dies,, the teeth remain 
in* its skull. If you. could get the skull, of beaver you v^culd 
liave a good look its teeth without the. danger 'Of being bit- 
ten. Then oresent the skull to the class r -If you must depend 
. on the phptograph, have the childreij. study jt on page 25. of- 
their Student Manuals. while-you display the one^^ppjied to 

you, ' ■ . / - 






HERE IS A BEAVER SKULL. WE fcAN HAVE A GOOD LOOK 
- ' . AT ITS TEETH. 

Take the skull around to the children. Permit tSem not only to 
see the teeth at close range ; but t9 feel the snarp edges of 
the' biting teeth. If you are working with photographs , en-r 
courage th9 Children to imagine how the teeth would feel. 

HOW MANY-LARGE BITING TEETH DOES J'HE ANIMAL HAVE 
- (Four.) ■ " • ' 

WHAT PROPERTIES DO THESE TEETH HAVE? (They are - 
larger than the other teeth, fhey are curved. They 
have sharp edg'es^ ^ They are thickest near the bone 
and are thinner toward the Biting edge.) ' . 



-H pusbibiy, show a chisel for comparison and (demonstrate 
what a.phisel does to wood. 

. VVHAT OTHER KINDS OF TEETH DpES THE ANIMAL HAVE? 
(Do not try for specific .an-swers . •The purpose of this 

ifis^tion is to encourage the children to observe differ- 
ences'^^mon^Jhe teeth.) - ' . . x--^ - 

HOW MANY BAQK;.TEETii5oES^'^^ 

tell from Jhe photograph how many of the^^tie^t-hJije^bea-' 
verh^s.-r There are sixteen— eight uppers; four on eaci 
si;ie; and eight lowers, four on^each side.) , 

• *ARE THESE TEETH SYMMETRIpM.LY-'AR^^ (Yes. If 

you are using a skull, have a child do the mirror test if 
\ possible J ^ ' 

WHAT^ARE SOME OF "THE PROPERTIES OF THESE TEETH? * 
(The teeth are very hard. Their sides are smooth but 
their grinding surfaces are rough..) 

Let the children run^ their finger§ across the grinding surfaces 
and discus^.how the hard edges are related to the job these 
teeth do. . /' * . " ^ 

. LET US COMPARE THE ANll^AL'S TEETH WITH HUMAN 
TEETH. ' " . 
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Have the children use mirrofs to examine their own teeth for 
comparison with the skull or with photographs. Ask about 
resemblances and differences, ' 



Next show :the skiill or photographs' of a meat-eating animal . 
(bobcat, fox'/ dog), but do ftot identify the. animal immediately, 
(These' appear on pages 26-27 of the Student Manual J „ 




Skuil of a Bobcat 



Skull a Bobcm 



LET'S LOOK AT THE TEETH OF A DIFFERENT ANIMAL.. Hold 
up the skull if you have one, cind add>- 1 AM GOING TO 
' BRING IT AROUND, YOU CAN NOT ONLY OBSERVE ITS ' 
TEETH, BUT YOU^CAN PUT YOUR FINGER INTO ITS^ MOUTH / 
AND FEEL THE TEETH..- 

WHICH ARE THE LARGEST TEETH? : Have the children • ' . 
point to tlie teeth. ' . ■ " , , . . " 

- ■ •< . ' 

HOW Ukm PF THESE LONG TEETH DO YOU SEE? (Usually . 
four.) 

WHAT /do you think. THESE TEETH DO? 
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Here is an opportunity for the children to° speculate and infer. 
Lf they say-, "The ioith are for .biting," ask, "If the teeth are 
for biting off a piece of food, .shouldn't fhey be shaped like ' 
the biting teeth of a beaver or like our own biting teeth?. .Are 
they?" Have the children look ^nd see that these teeth' are 
not like pur biting teeth. "Then what can they-be for?" If 
no one ans>Vers, your next-hint will elicit the answer. 

I AM PLACING- MY FINGERS BEHIND THESE LONG CURVED 
TEETH. '((If you' are using photos , substitute: IMAGINE' - 
PIACrNG.yoUR FINGERS BEHIND" THESE FOUR LARGE 
TEETH.)'; ' " ' 1-- ■-- 

. IMAGINE MY FINGERS -TO BE A LIVE MOUSE OR A LIVE BIRD 
, JUST CAIJGHT BY THIS. ANIMAL. WHAT JOB DO YOU SEE 
THE BIG TEETH DOING? (They prevent the mouse or bird 
from_, escaping.) . ■ ". 

THIS IS A SKULL OF A (name th% animal) . HOW-bO Y£)U ' 
\- SUPPOSE THIS MEAT- EATER GETS ITS FOOD? (It probably, 
.catches animals.) • • . - ; ' 

LOOK AT THESE TWO LARGE TEETH-AGAIN. WHAT PROPER- 
TIES HELP THEM HANG ON TO THE ANIMALS THE MEAT- 
EAT EIJ. •CATCHES? (They are long and curved to hold in a 
smdlFanimal. They are pointed and can stick into, an ani- 
" mal that is larger than tlje mouth. They are big and strong 
so that even a s.trong animal cannot escape.) 

■ LET'S LOOK AT THEM AGAIN AND TEEL THEM. -WHAT PROP^ 
ERTIES DO THE BAC.K TEETH HAVE? (The teeth are hard and 
pointed.- They are white. They ar© shiny.) 

WHY DO YOU SUPPOSE THESE. BACK TEETH ARE DIFFERENT, 
IN SI^APE FROM, THE BACK TEETH OF -A QNAWING ANIMAL 
OR FROM OUR BACK TEETH? -(They have a different job 
to do..) . . . 

" WHAT DO YOU THINK THEIR JOB IS? (Their job is to tear 
raw meat.) • , . 

•HOW DO THE FRONT TEETH OF A MEAT-EATER RESEMBLE 
HUMAN TEETH? ' 



Have the children make a direct comparison', using skulls, 
^ photographs' and' mirrors to note that in each the front teeth 
are chi§el":shaped. . . 

WHAT DO YOU THINK THE JOB QF THE FRONT 'TEETH IS?' 
(To bUe off pieces of food,) 

WHAT ARE THE DIFFERENT WAYS WE HAVE SEEN THAT . . 
TEETH ARE USED? (Gnawing, grinding," cutting, tearing,.) 

LOOKING AT THE KINDS OF TEETH THIS ANIMAL .HAS, WHAT 

• DO YOU THINK IT DOES TO ITS "FOOD? (It tears and cuts it.) 

■ - • • . , «> 

"Now dJsRlayJhe skull or photographs..-df "the plant-eating "ani- 
■mar. (These appear oii pages 2'8-.29 of the Student- Manual-.^) 




Skull of a Whtto-talled Dier 



^ • Skull of a W£huc-talltd Deer 

LET US LOOK AT THE TEETH 'OF STILL AN6tHER ANIMAL. 
THIS IS,A SKULL OF A '(cow, deer , '.moose) . WHERE ARE 
MOST OF ITS TEETH-r-IN THE FRQNT OF ITS MOUTH OR 
IN THE BACK? (In the back'.-) " " ^ 

' " - * . . ' • • * . 

ARE THE BACK TEETH SHAPED LIKE CUTTING TEETH QR LIKE 
TEETH THAT GRIND AND CRUSH FOOD'? (Like grinding 
teeth.) 

HOW MANY BITING TEEtH DOES, THE PLANT-EATER HAVE 
IN THE.-UPPER PART OF ITS MOU^H? (NonQ.) 
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^ IN WHAT DIRECTION DO THE LOWER BITING TEETH POINT? 
, ^ ' * (They point forward.) 

SINCE THE PIANT-EATER DOESN'T HAVE ANY HPPER BITING 
TEETH, HOW DO YOU SUPPOSE IT BITES AND TEARS ITS ' 
FOOD? 

Encouravge speculaUon, especially on the use of the tongue 
in conjunqtion with front lower teeth. IJ.oint out to the chil- 
dren that these are only speculations and that to find out the 
answers they should actually observe the animals as they 
eat, This is possjible with a film. 

Activity B " ■ , ^ 

Animals — V/avs Thev Eat shows the man^ ways that animals 
- .of different kinds are adapted to get and eat their foods; 
Many kinds of animals, living in different habitats and eat- 
• ing. various kinds of foods, are shown, A number of close-up 
scenes show the various body parts that are used by animals 
to get and to eat their food. 

<- After the children have seen the film, have. them describe the, 
eating system of some of the animals. > 

Activity^C * * " V * ' ^ 

Worksheets 11-14 show pictures of a number of animals. 
The children are tOcColoroniy tHose parts of *each' animal that 
are components of its 'eating.* system; Have the class work" 
together on the first animal, "the elephant, ^sk which parts ^ 
are involved and have .the class color each as it is men- 
tioned. Havfe the children con tinu.e with the other pictures 
independently, and then review and compare the worksheets- 
after completion.* If-a child has colored an unusual part, 
have him explain why he considers it to be part of the- ani- 
, melius e'ating system. * *^ ^ 

There may be some disagreement with respect to some part 
chiid may say is part of th^ system. If he^can establish^ 
some relation with eating, however remote, he is to be con- 
sidered correct. * . 



SECTION 6 



A BULB-LIGHTING SYSTEM (Lesson 17)- 



PURPOSE ■ A * 

■J. - - - 

— - To start with a set of objects, and to us^ them i. devising 

a system, 

— To determine *the conditioni: nerossary to a bulb-lighting 
system. ^ ' • 

— To develop an experimental metho'd for classifying ob^Jects 
according fb whether or not they can aerve as connectors 
in a 'bulb-licjtiting system. ^ ' • 



COMMENTARY . 



Inmost of the previous sections of thi^ unit the children were 
p^^ented with phgnc&riena which they investigated to determine 
wMt the e^s^ential components of 'the systems were. In this 
section they are given an assortment bf objects from which, 
they ate to choose\a',suBset that can serve as th6 components* ' 
' of system tji^^t they themselves devise, (The lesson is built 
around a^trlliMighting system, but the children are likely to 
*^devise othef interesting systems as wellj • * , 

X 

This section- can help you evaluate tfie children's grasp of th^ 
ba-sic ideas of the whole unit. Do the children describe their 
systems in terms of the interrelation of the par^s and in terms 
of an analysis of the phenomena? In clacsifying their ob- 
jects^ do they specifically test each one \o seeMf it will work 
' as^ a connector in the bulb-lighting system? » 

In any circuit for* lighting the budb, the basic requirement 
is that there be some continuqXis metal connection between 
one end of the flashlight cell arid' the metal tip of the bulb^ 
and betweeix the other end bf the cellN^nd the threadedi portion 
of the bulb. Of "course,, you will not point this out to the chil- 
''dren. Let them*disc^ver as nvuch. as they can for tliejnseiyes • 
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Three Simple 
Systems 



A Complex System 




If a few children discover that the clothesline will, close the 
circuit sucbessfully , make sure that they realize that tHere ' 
is a wire thfO-ugh. the center, and that the wire h^as to make 
CQntact at both ends in order to close the circuit. Let them 
demonstrate this to the/class. • • 

Limit the discussion during this lesson to the systems and to 
what objects will or will not work in them^ 'Do not giet in- 
volved in any attempt to explain why ot how the systems work, 
Even the mofejt, elementary explanation of 'electrical effects ^s 
too involved for ea^ly grades; - 



MATERIALS 
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— for each group of four children — 

a tray or box containing four of each of the following items: 
flashlight cell " L 5 volt 

- flashlight bulb 2.25 volt (all four in a souffle cup) 

- Yubber band 

- #20 spikes,. . . , ^ • 
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— masking tape, 6 in.* strips placed on waxed paper 

— string 

short lengths (approximately 6 in J of the following 

— fine> bare copper wire 

— soda straw - " 

— fine plastic tubing ^ 

— insulated wire with insulation removed from 1/2 in. at each end 

— plastic clothesline (wire- centered) 

— paoer .strip ,*^i/2- in, wide 

— magnetic tape ^ 

— ribbon * , . x*- 



P^CEDURE 



• * Activity A 

\ I Provide each group of four children with a tray or box, of the 
\ * materials listed above. Tell the children that each one is 
to choose a subset of^three objects from the set of objects 
in his group's box. * He is not to.choose more than one of 
^ each kind of object for his subset; each subset should be 

^ made upr^of three different objects. 

Have'the children experiment with the objects'they have 
chosen to see if they can discover-a way to make soruQthing 
interesting happen. Allow adequate'time for all to experrjnent. 
If children have problems in handling the various piecWof 
equipment, let'two work together or suggest that son^ijfmask- 
^ ing tape may be useful in making firm connections. 

/ "k the children to show some of the 'things they have di^-* 
^covered. One may have made a pendulym, ainother may have 
produced a sound by plucking a rubber band, e^c. You should 
have allowed the experimentation period to continue until 
several children have devised systems in which a biilb is lit. 

If no one in your class has. found a way to light the bulb.^dire'cf^ 
therft toward this problem aS follows: " 
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WHICH OBJECTS' DO YOU THINK ARE NECESSARY JOR 
LIGHTrNG THE BULB? (Bulb, dry cell, wire.j ^ 



Children who did not select these three objects to work with 
should feel free to exchange those *they did choose. If a child 
is having" difficulty^ with the three objects, give a little more 
direction: 

IF YOU TOUCH THE BULB TO ONE END' OF THE CELL, HOW . • 
CAN YOU ALSO CONNECT IT TO THE OTHER END? 

When all the children have devised a system in which their 

bulbs are lit, pose a new problem and give them time to work on it. 

CAN YOU TAKE THE OBJECTS THAT ARE PART OF YOUR 
. ' BULB-LIGHTING SYSTEM, ARRANGE THEM IN A DIFFERENT ' " 
WAY, AND STILL GET THE BULB TO LIGHT? ' 

Activity B ' - , 

Have each group classify all the objects in the box into two 
subsets according to whether or not they can be used as part 
of a bu,lb-lighting system. The children should plan their 
own experimental methods for determining how to classify the 
'objects. It is to be hoped that 'they will tes? each object in 
an orderly way. If a child notes that his classification can 
also be, defined in terms of metal and non-metal, compliment 
him but do^not attempt to guide the class to this interpretation. 

Activity C ^ * >' 

As another activity for small grou^dt, have the children attempt 
to develop more complex arrangements of objects as bulb- 
lighting systems'. (Some children may want to do this during 
their free time.) Such systems can be shown to the class, or 
if taped together) left on display, ^(Be sure that the systeins^^- - 
on display are disconnected, when not injuseT-to" prevent the 
energy of the cells frojn^jeinn^us^a'lLip;) 

Some child may discover that it is possible to design a -sys- 
tem in which more than one bulb Is lit. If several cells are 
included in one circuit it is possibly that a bulb will be burned 
out, but otherwise there is no danger in any system which can 
be devised from the materials supplied. . * 
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